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(54) Radio communication device 

(57) The positional relationship between a master 
terminal and a slave terminal and the positional relation- 
ship of the slave terminal with the master terminal and 
with other slave terminals are measured, and a slave 
terminal subject to switching to master terminal is se- 
lected using the positional relationship. A network is 
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then reconstructed with the slave terminal subject to 
switching selected in this manner as the new master ter- 
minal, and as a result the terminals forming the network 
prior to switching are prevented from falling outside of 
the communication range of the new master terminal 
and short range radio communication is maintained with 
the same terminals as those prior to switching. 
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FIG. 1(a) 
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Description 

CROSS-REFERENCE TO THE RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
benefit of priority form the prior Japanese Patent Appli- 
cation Nos. 2001-399300 filed on December 28, 2001 
and 2002-72283 filed on March 1 5, 2002; the entire con- 
tents of which are Incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to radio commu- 
nication devices constituting a system that forms a net- 
work in which a radio communication device operating 
as master terminal is connected to a plurality of radio 
communication devices operating as slave terminals us- 
ing a short range radio communication function, and 
more specifically relates to radio communication devic- 
es in a radio communication system using these devices 
and method in which, when the master terminal or a 
slave terminal is disconnected from the network, the net- 
work is reconstructed with the same terminals, whereby 
short range radio communication can be performed fa- 
vorably, 

2. Description of the Related Art 

[0003] Networks such as the Internet or Intranet, 
which transmit and receive data among information 
processing terminals such as personal computers or 
PDAs (Personal Digital Assistants), are constructed and 
used in various situations. 

[0004] Networks are also often constructed using ra- 
dio communication methods such as IrDA (Infrared Data 
Association) or Bluetooth (R) provided in communica- 
tion terminals such as cellular phones, PDAs, and note- 
book computers. 

[0005] Particularly in recent years, radio communica- 
tion devices, which have a short range radio communi- 
cation function such as Bluetooth and are capable of re- 
al time bidirectional communication among a plurality of 
terminals having the same function without passing 
through a server (online chat, for example), have been 
put to practical use. 

[0006] In performing real time communication among 
a plurality of radio communication devices of this type, 
function setting is normally performed in one terminal in 
order for this terminal to operate as master terminal 
(master), and function setting is performed in the other 
terminals in order for these terminals to operate as slave 
terminals (slaves). The terminal set as master terminal 
then performs short range radio communication with the 
terminals set as slave terminals to thereby accommo- 
date the slave terminals in a network with a star connec- 



tion configuration. 

[0007] As a specific example operating as a radio net- 
work constructed using Bluetooth, Fig. 1(a) shows a Pi- 
conet that performs two-way data communication in 

5 which one radio communication device (master termi- 
nal) 1 0-1 is connected one-to-one (point-to-point con- 
nection) with each of a plurality of radio communication 
devices (slave terminals) 10-2, 10-3, 10-4, 
[0008] In the Piconet, once a radio communication de- 

10 vice is initially designated as master terminal, it operates 
consistently as master terminal and performs control of 
the network until the network is abandoned. 
[0009] Therefore, when online chat is performed by 
means of a radio connection among a plurality of cellular 

is phones using Bluetooth, for example, the cellular phone 
which initially commences connection becomes the 
master terminal, and that terminal operates as master 
terminal until the chat session ends. 
[0010] However, since the Piconet is a network in 

20 which the master terminal and the other terminals (slave 
terminals) are connected in point-to-point connection 
around the terminal initially designated as master termi- 
nal, the slave terminals only require control to perform 
point-to-point communication with the master terminal, 

25 whereas the master terminal requires multi-point con- 
nection control with the plurality of slave terminals. As 
a result, the communication load on the master terminal 
is extremely large and power consumption in the master 
terminal is much greater than in the other terminals. 

30 [0011] Under this situation, battery power consump- 
tion in the master terminal becomes far greater than in 
the slave terminals, and hence the network cannot be 
maintained for a long period of time. 
[0012] In order to solve this problem, a communica- 

35 tion system is disclosed in Japanese Patent Application 
Laid-Open No. 2001-1 03570 (Japanese Patent Applica- 
tion H1 1-280649) in which the terminal set as master 
terminal receives battery information (remaining battery 
power and the like) from each of the terminals on the 

40 network which are set as slave terminals and from this 
battery information determines a terminal which is to be- 
come the next master terminal. Then, when the condi- 
tions for master terminal/slave terminal switching are 
established, a master terminal/slave terminal switching 

45 command is transmitted to the terminal which is to be- 
come the next master terminal and thus the roles of 
master terminal and slave terminal are switched be- 
tween terminals. 

[0013] In this conventional system, however, upon de- 
50 termination of the terminal which is to become the next 
master terminal, the position of this terminal is not taken 
into account. 

[0014] As a result, when the terminal with the largest 
remaining battery power is determined as the next mas- 
55 ter terminal (the terminal subject to switching), for ex- 
ample, the terminals forming the current network may 
not be included within the communication range of the 
terminal subject to switching. 
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[0015] In that event, in the network formed with the 
terminal subject to switching as the new master termi- 
nal, some terminals may come to fall outside of the com- 
munication range of the new master terminal, and thus 
communication cannot be performed among the same 
terminals as those in the network prior to switching. 
[0016] As described above, as a method for dispers- 
ing the load on the master terminal to enable the con- 
struction of a long-term network, there was a method of 
having a master terminal determine the terminal with the 
greatest remaining battery power from among the ter- 
minals in a network as the terminal subject to switching 
and reconstructing the network with this terminal subject 
to switching as the new master terminal. In this method, 
however, a network which includes all of the terminals 
forming the current network cannot be reconstructed 
due to the positional relationship between the terminal 
subject to switching and the other terminals, and thus a 
problem arises in that short range radio communication 
among the same terminals as those prior to switching 
may not be maintainable. 

[0017] Moreover, in the conventional communication 
system, it was the master terminal that performs control 
to determine the terminal subject to switching and re- 
construct the network with the terminal subjectto switch- 
ing as the new master terminal, by issuing a master ter- 
minal/slave terminal switching command to the terminal 
subject to switching which is to become the next master 
terminal. 

[0018] However, since a short range radio communi- 
cation function such as Bluetooth which is installed in 
this type of radio communication device has a short 
transmission range and low transmission output, the 
master terminal may easily become disconnected from 
the network when, for example, a user carrying the mas- 
ter terminal sends and receives messages while in mo- 
tion. 

[0019] If the master terminal becomes disconnected 
from the network for such a reason, problems arise in 
the conventional system in that the network reconstruc- 
tion control performed mainly by the master terminal in 
the network becomes impossible and the network can- 
not be reconstructed among the remaining terminals. As 
a result, communication cannot be maintained. 

SUMMARY OF THE INVENTION 

[0020] An object of the present invention is to provide 
a radio communication device, radio communication 
method, and radio communication system using these 
devices and method, wherein as many of the terminals 
forming the current network as possible are included in 
a communication range, a terminal whose conditions for 
communication with the other terminals in the commu- 
nication range are as favorable as possible can be de- 
termined as a terminal subject to switching, and a net- 
work which includes the same terminals as those prior 
to switching is formed so that good short range radio 



communication can be maintained even after the 
switching to a new communication mode with the termi- 
nal subject to switching as the new master terminal. 
[0021] Another object of the present invention is to 

5 provide a radio communication device, radio communi- 
cation method, and radio communication system using 
these devices and method, wherein, even when the ra- 
dio communication device operating as master terminal 
becomes disconnected from the network, the network 

10 can be reconstructed among the remaining terminals 
and short range radio communication can be main- 
tained by having a terminal designated in advance so 
that a substitute master terminal become the new mas- 
ter terminal. 

15 [0022] In order to achieve these objects, according to 
the present invention a radio communication device 
which operates as master terminal to form a network 
with another radio communication devices using a short 
range radio communication function comprises: a posi- 

20 tional relationship measuring unit for measuring posi- 
tional relationship between the master terminal and the 
radio communication devices operating as slave termi- 
nals; a switch timing judgment unit forjudging the timing 
of a switch in communication mode using these posi- 

25 tional relationship; a positional relationship information 
processing unit for requesting from the radio communi- 
cation devices notification of positional relationship in- 
formation indicating the positional relationship between 
these radio communication devices and each of the ter- 

30 minals forming the network, and receiving the positional 
relationship information notified by the radio communi- 
cation devices; a switching subject terminal determining 
unit for selecting a radio communication device subject 
to switching using the positional relationship informa- 

35 tion; and a communication mode switching processing 
unit for switching to a communication mode in which the 
radio communication device subject to switching is set 
to operate as a new master terminal. 
[0023] Also according to the present invention, a radio 

40 communication device which operates as slave terminal 
to form a network with another radio communication de- 
vices using a short range radio communication function 
comprises: a positional relationship measuring unit for 
measuring the positional relationship between the slave 

45 terminal itself and each of the terminals forming the net- 
work; a positional relationship information processing 
unit for notifying the radio communication device oper- 
ating as master terminal of the positional relationship 
measured by the positional relationship measuring unit; 

so and a communication mode switching processing unit 
for switching to a communication mode in which the 
slave terminal itself becomes master terminal in accord- 
ance with an instruction from the radio communication 
device operating as master terminal. 

55 [0024] Also according to the present invention, the po- 
sitional relationship measuring unit in a terminal which 
f forms a network as slave terminal is constituted by 
means for measuring as these positional relationship 
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the number of terminals included within the communi- 
cation range of this slave terminal and the distance be- 
tween this slave terminal and the other terminals includ- 
ed within the communication range thereof. 
[0025] According to this configuration, a slave termi- 
nal transmits to the master terminal positional relation- 
ship information comprising the number of terminals in- 
cluded in the communication range of this slave terminal 
and the distance between this slave terminal and the 
terminals included within the communication range 
thereof. In the master terminal, the terminal with the larg- 
est possible number of terminals which form the current 
network included in the communication range thereof 
and with the shortest distances to the other terminals in 
the communication range thereof, or in other words the 
terminal with superior communication conditions, is de- 
termined as the terminal subject to switching. 
[0026] Hence, following a switch to a communication 
mode with the terminal subject to switching as a new 
master terminal, short range radio communication with 
a high level of communication quality can be maintained 
in a network formed from the same terminals as those 
prior to switching. 

[0027] Also according to the present invention, a radio 
communication device which operates as master termi- 
nal to form a network with another radio communication 
devices using a short range radio communication func- 
tion comprises: a positional relationship measuring unit 
for measuring positional relationship between the mas- 
ter terminal itself and the radio communication devices 
operating as slave terminals; a positional relationship in- 
formation processing unit for requesting from these ra- 
dio communication devices notification of positional re- 
lationship information indicating the positional relation- 
ship between these radio communication devices and 
each of the terminals forming the network, and receiving 
the positional relationship information notified by the ra- 
dio communication devices; a remaining battery power 
measuring unit for measuring the remaining battery 
power of the master terminal itself; a battery information 
processing unit for requesting from the radio communi- 
cation devices notification of battery information indicat- 
ing the remaining battery power, and receiving the bat- 
tery information notified by the radio communication de- 
vices; a switch timing judgment unit for judging the tim- 
ing of a switch of communication mode using the posi- 
tional relationship and battery information; a switching 
subject terminal determining unit for selecting a radio 
communication device subject to switching using the po- 
sitional relationship information and battery information; 
and a communication mode switching processing unit 
for switching to a communication mode in which the ra- 
dio communication device subject to switching is set to 
operate as a new master terminal. 
[0028] Also according to the present invention, a radio 
communication device which operates as slave terminal 
to form a network with another radio communication de- 
vices using a short range radio communication function 



comprises: a positional relationship measuring unit for 
measuring the positional relationship between the stave 
terminal itself and each of the terminals forming the net- 
work; a positional relationship information processing 
5 unit for notifying the radio communication device oper- 
ating as master terminal of the positional relationship 
measured by the positional relationship measuring unit; 
a remaining battery power measuring unit for measuring 
the remaining battery power of the slave terminal itself; 
10 a battery information processing unit for notifying the ra- 
dio communication device operating as master terminal 
of the remaining battery power measured by the remain- 
ing battery power measuring unit; and a communication 
mode switching processing unit for switching to a corn- 
's munication mode in which the slave terminal itself be- 
comes master terminal in accordance with an instruction 
from the radio communication device operating as mas- 
ter terminal. 

[0029] On the basis of the positional relationship in- 

20 formation and battery information received from the 
slave terminals, the master terminal is able to determine 
the terminal with the largest possible number of termi- 
nals forming the current network included in the com- 
munication range thereof, the shortest distances to the 

25 other terminals in the communication range thereof, and 
the greatest remaining battery power, for example, as 
the terminal subject to switching. 
[0030] Thus, following a switch to a communication 
mode with this terminal subject to switching as a new 

30 master terminal, short range radio communication with 
a high level of communication quality can be maintained 
over a long period of time in a network formed from the 
same terminals as those prior to switching. 
[0031 ] Also according to the present invention, a port- 

35 able radio terminal device used in a radio communica- 
tion system for forming a network in which a radio com- 
munication device operating as master terminal and a 
plurality of radio communication devices operating as 
slave terminals are connected using a short range radio 

40 communication function, this portable radio terminal de- 
vice operating as the master terminal or the slave ter- 
minal in accordance with pre-performed function set- 
ting, comprises when operating as the master terminal: 
substitute designation information transmission means 

45 for transmitting to an arbitrary slave terminal substitute 
designation information designating this slave terminal 
as a substitute master terminal; and configuration infor- 
mation transmission means for transmitting network 
configuration information regarding the current network 

so to the slave terminal to which the substitute designation 
information was transmitted; and comprises when oper- 
ating as a slave: reception means for receiving the sub- 
stitute designation information and network configura- 
tion information from the master terminal; disconnection 

55 detection means for detecting the disconnection of the 
master terminal from the network following reception of 
the substitute designation information and network con- 
figuration information; and communication mode 
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switching processing means for switching settings from 
a function setting for operating as slave terminal to a 
function setting for operating as master terminal when 
the master terminal is disconnected from the network, 
and thereby switching to a communication mode with 
the slave terminal itself as master terminal. 
[0032] According to the radio communication system 
using a radio communication device with this configura- 
tion, an arbitrary slave terminal is designated in advance 
by the master terminal as a substitute master terminal, 
and thus, when the master terminal is subsequently dis- 
connected from the network and a network manage- 
ment function is lost, the terminal which was previously 
designated as substitute becomes master terminal and 
a network is reconstructed among the remaining slave 
terminals. Thus communication can be maintained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] In the accompanying drawings. 

Figs. 1 (a) and t(b) are conceptual diagrams of the 
configuration of a radio communication system ac- 
cording to an embodiment of the present invention; 
Fig. 2 is a block diagram illustrating the configura- 
tion of a radio communication device according to 
an embodiment of the present invention; 
Fig. 3 is a flowchart illustrating the sequence of a 
communication mode switching method in a first 
embodiment; 

Fig. 4 is a flowchart illustrating the sequence of a 
communication mode switching method In a second 
embodiment; 

Figs. 5(a) through 5(c) are conceptual diagrams of 

the configuration of a radio communication system 

according to the present invention; 

Fig. 6 is a flowchart illustrating the sequence of a 

communication mode switching method in a third 

embodiment; 

Fig. 7 is a flowchart illustrating the sequence of a 
communication mode switching method in a fourth 
embodiment; 

Figs. 8(a) and (b) are conceptual diagrams of an 
operation for calculating the distance between each 
terminal and the terminals within the communica- 
tion ranges thereof; 

Fig. 9 is a view illustrating the configuration of po- 
sitional relationship information transmitted to a 
master terminal from a slave; 
Fig. 10 is a flowchart illustrating the sequence of a 
communication mode switching method in a fifth 
embodiment; 

Fig. 11 is a flowchart illustrating the sequence of a 
communication mode switching method in a sixth 
embodiment; 

Fig. 12 is a flowchart illustrating the sequence of a 
communication mode switching method in a sev- 
enth embodiment; 



Fig. 13 is a flowchart illustrating the sequence of a 
communication mode switching method in an eighth 
embodiment; 

Fig. 14 is a view illustrating the configuration of a 
s radio communication system according to a ninth 
embodiment and a communication image thereof; 
Fig. 15 is a block diagram illustrating the configura- 
tion of a radio communication device according to 
the ninth embodiment; 
10 Fig. 1 6 Is a flowchart illustrating a substitute termi- 
nal designation control operation performed when 
the radio communication device according to the 
ninth embodiment operates as master terminal; 
Fig. 1 7 is a flowchart illustrating a control operation 
*5 for switching to a master terminal when the radio 
communication device according to the ninth em- 
bodiment operates as a slave; 
Fig. 1 8 is a view illustrating a communication mode 
switching control sequence according to the ninth 
20 embodiment; and 

Fig. 1 9 is a view illustrating an image of a network 
reconstruction operation following the disconnec- 
tion of the master terminal in a radio communication 
system according to the ninth embodiment. 

25 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] Embodiments of the present invention will be 
30 described in detail below with reference to the attached 
drawings. 

[0035] Figs. 1 (a) and (b) are conceptual diagrams of 
the configuration of a radio communication system of 
the present invention, and Fig. 2 is a schematic block 

35 diagram illustrating the configuration of a radio commu- 
nication device according to the present invention. 
[0036] The radio communication system of the 
present invention, as is illustrated in Fig. 1 (a), is consti- 
tuted in a network which is constructed with one radio 

40 communication device 10-1 operating as master termi- 
nal and the another radio communication devices 1 0-2, 
10-3, 1 0-4 operating as slave terminals such that when 
the remaining battery power of the radio communication 
device 1 0-1 operating as the master terminal decreases 

45 and the remaining battery power of the radio communi- 
cation device 10-2, for example, operating as slave ter- 
minal becomes the greatest in the network, the network 
is constructed with the radio communication device 1 0-2 
as the master terminal, as is illustrated in Fig. 1(b). 

so [0037] As is illustrated in Fig. 2, a radio communica- 
tion device 10 of the present invention is provided with 
a short range radio communication unit 11 for perform- 
ing short range radio communication with another radio 
communication devices, a positional relationship meas- 

55 uring unit 13 for measuring positional relationship with 
another radio communication devices, a positional rela- 
tionship information processing unit 14 for processing 
information regarding these positional relationship, a 
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battery 1 5 which operates as a power source, a remain- 
ing battery power measuring unit 16 for measuring the 
remaining electricity in the battery 1 5, a battery informa- 
tion processing unit 17 for processing information re- 
garding the remaining electricity in the battery, a switch 
timing judgment unit 21 forjudging the timing of a switch 
in the communication functions of the master terminal 
and slave, a switching subject terminal determining unit 
22 for determining a slave terminal which is to become 
the new master terminal, a communication mode 
switching processing unit 23 for performing switching 
processing of the communication mode between the 
master terminal and slave, a radio telephone communi- 
cation unit 31 realized by a digital radio telephone such 
as CDMA for performing radio telephone communica- 
tion with other radio telephone devices via a radio tele- 
phone base station (not shown), a message processing 
unit 32 for performing processing such as creation, dis- 
play, and saving of messages which are transmitted and 
received during a message exchange session estab- 
lished through short range radio communication or the 
like, a memory unit 33 for storing various types of infor- 
mation such as messages and operational control infor- 
mation, a display unit 34 for displaying various types of 
information such as messages transmitted and received 
during a message exchange session, an input/operating 
unit 35 for inputting various types of information (mes- 
sages, various operating instructions, and so on) by ma- 
nipulating various keys such as a numeric keypad, and 
a control unit 36 for performing control of the entire radio 
communication device. 

[0038] Here, the short range radio communication 
unit 11 is a Bluetooth communication module which is 
capable of radio communication with other terminals in- 
stalled with a Bluetooth communication module accord- 
ing to Bluetooth specifications. 
[0039] The positional relationship measuring unit 13 
measures the positional relationship between the termi- 
nal in which the unit 1 3 is comprised and other terminals 
by performing a device search using the short range ra- 
dio communication unit 11 , or in other words Bluetooth, 
to determine how many of the terminals which form a 
network are included within a communication range 
centered on this terminal. 

[0040] The positional relationship measuring unit 13 
is also provided with a distance calculation unit 131 for 
calculating the distances between the terminal in which 
this u nit 1 3 is comprised and each of the terminals within 
the communication range centered on this terminal us- 
ing the receive signal strength intensity (RSSI) during 
communication with these terminals. 
[0041 ] Thus the positional relationship measuring unit 
13 not only comprises a function for measuring as the 
positional relationship between the terminal in which the 
unit 13 is comprised and other terminals how many of 
the terminals forming a network are within the commu- 
nication range centering on this terminal, but also com- 
prises a function for measuring the distance between 



this terminal and the other terminals within the commu- 
nication range thereof. 

[0042] When comprised in the master terminal, the 
positional relationship information processing unit 14 

5 measures the positional relationship between the mas- 
ter terminal and the other terminals at constant intervals 
using the positional relationship measuring unit 13 and 
also requests positional relationship information from 
the slave terminals and receives the responses to such 

10 requests. 

[0043] When comprised in a slave terminal, on the 
other hand, having received a positional relationship in- 
formation notification request from the master terminal, 
the positional relationship information processing unit 
is H measures the positional relationship between the 
slave terminal itself and the master terminal and the 
slave terminal itself and the other terminals using the 
positional relationship measuring unit 13 and transmits 
this positional relationship information to the master ter- 
minal. 

[0044] Here, the positional relationship information 
transmitted from a slave terminal to the master terminal 
comprises information regarding the number of termi- 
nals included within the communication range of the 
slave terminal and information regarding the distances 
between the slave terminal and each of the terminals 
within the communication range thereof (see Fig. 9). 
[0045] When comprised in the master terminal, the 
battery information processing unit 1 7 measures the re- 
maining battery power of the battery 15 in the master 
terminal at constant intervals using the remaining bat- 
tery power measuring unit 16, and also requests infor- 
mation regarding remaining battery power from the 
slave terminals and receives the responses to such re- 
quests. 

[0046] When comprised in a slave terminal, on the 
other hand, having received a remaining battery power 
notification request from the master terminal, the battery 
information processing unit 1 7 measures the remaining 
battery power of the battery 1 5 in this slave terminal us- 
ing the remaining battery power measuring unit 1 6 and 
transmits this information to the master terminal. 
[0047] The switch timing judgment unit 21 judges the 
timing of a switch in master terminal to the communica- 
tion function of a slave terminal on the basis of the re- 
maining battery power measured by the remaining bat- 
tery power measuring unit 16 or the positional relation- 
ship information measured by the positional relationship 
measuring unit 13. 

[0048] The switching subject terminal determining 
unit 22 determines the terminal subject to switching of 
the master terminal to a slave terminal communication 
function on the basis of the remaining battery power of 
the slave terminals obtained by the battery information 
processing unit 1 7 orthe positional relationship informa- 
tion of the slave terminals obtained by the positional re- 
lationship information processing unit 14. 
[0049] When the switch timing judgment unit 21 judg- 
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es that it is time to switch the master terminal to a slave 
terminal communication function and the switching sub- 
ject terminal determining unit 22 determines the terminal 
subject to switching, communication mode switching 
processing unit 23 performs processing to switch the 
communication modes of the subject slave terminal and 
master terminal. 

[0050] Here, the communication mode of the master 
terminal signifies communication with each of the slave 
terminals, and the communication mode of the slave ter- 
minals signifies communication with the master termi- 
nal. 

[0051] Note that in this embodiment, a Bluetooth sys- 
tem is used as radio communication means. However, 
the communication means are not limited to a Bluetooth 
system and another system may be used to perform ra- 
dio communication. 

[0052] Further, any information which is capable of 
identifying individual terminals connected in a network, 
such as the telephone number of a cellular phone or the 
ID, IP addresses provided in individual devices may be 
used as an identifier of a radio communication device. 
[0053] Fig. 3 is a flowchart illustrating a communica- 
tion mode switching sequence between master terminal 
and slave terminal based on remaining battery power in 
a communication mode switching method according to 
the first embodiment. 

[0054] In Fig. 3 in this embodiment, a network is ini- 
tially connected with terminal 1 as the master terminal 
and terminal 2 and terminal 3 as slave terminals. Note 
that terminals 1, 2, 3 use radio communication devices 
10 having the configuration illustrated in Fig. 2. 
[0055] During communication in a network with termi- 
nal 1 as the master terminal, the remaining battery pow- 
er of the master terminal is measured at constant inter- 
vals (step S100) and a judgment is made as to whether 
or not the master terminal is subject to switching (step 
S101). 

[0056] Here, if the remaining battery power exceeds 
a constant value, or if the decrease value of the remain- 
ing battery power is less than a constant value, it is 
judged that it is not time to switch communication mode 
(NO in step S101) and the network with terminal 1 as 
master terminal and terminal 2 and terminal 3 as slave 
terminals is maintained. 

[0057] If the remaining battery power is equal to or 
below a constant value, or if the decrease value of the 
remaining battery power is equal to or greater than a 
constant value, it is judged to be time to switch commu- 
nication mode (YES in step S101) and the master ter- 
minal requests battery information from the slave termi- 
nals (step S102). 

[0058] The slave terminals measure their remaining 
battery power (step S1 03) and notify the master terminal 
of the battery information (step S1 04). In the master ter- 
minal, the notified battery information is used to select 
the slave terminal with the greatest remaining battery 
power as the terminal subject to switching (step S105). 



[0059] In this embodiment, the remaining battery 
power of terminal 2 is assumed to be the greatest, and 
therefore terminal 2 is selected as the terminal subject 
to switching. 

s [0060] Then, a communication mode switching re- 
quest is transmitted to terminal 2, which is the slave ter- 
minal subject to switching (step S106), whereupon a 
judgment is made in terminal 2 as to whether consent 
to switching will be given (step S107). 
10 [0061] Here, if consent to switching is given (YES in 
step S107), a response to the communication mode 
switching request is transmitted (step S108) and the 
master terminal transmits identifiers for the terminals 
forming the network to the slave terminal subject to 
15 switching (steps 109). 

[0062] Then, when a network disconnection request 
is received from the slave terminal subject to switching 
(step S110), a network disconnection request is trans- 
mitted to each of the terminals (step S1 1 1 ) and the net- 
20 work is disconnected. 

[0063] Upon disconnection of the network, terminal 2, 
which is the slave terminal subject to switching, trans- 
mits a connection request to any one of the terminals 
forming the network (step S112), and having received a 
response regarding radio communication connection 
from that terminal (step S113), transmits a connection 
request to another one of the terminals forming the net- 
work (step S114). Once a response regarding radio 
communication connection is received from this termi- 
nal (step S11 5), the network is reconnected with the ter- 
minal itself (terminal 2) as master terminal. 
[0064] With this reconnection, the communication 
mode of terminal 1 is switched from a communication 
mode as master terminal to a communication mode as 
slave terminal, and the communication mode of terminal 
2 is switched from a communication mode as slave ter- 
minal to a communication mode as master terminal. 
Thus network communication with terminal 2 as master 
terminal commences. 

[0065] Note that in the first embodiment, a response 
is only provided when consent is given to the switch, but 
a configuration may be provided in which this consent 
is given not only according to the judgment of the user 
of the terminal subject to switching but may also be giv- 
en automatically if a terminal fulfills sufficient conditions 
to function as master terminal. 
[0066] A configuration may also be provided in which, 
if a response to a switching request is not obtained with- 
in a set amount of time, it is judged that consent has not 
been given, whereupon the slave terminal with next 
greatest remaining battery power is selected as the 
switching subject and a communication mode switching 
request is transmitted to the newly selected terminal. 
[0067] Thus in the first embodiment, the slave termi- 
nal with the greatest remaining battery power becomes 
the new master terminal, and therefore network discon- 
nection due to batteries dying can be prevented and a 
network constituted by the same terminals can be main- 
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tained long-term. 

[0068] Further, since switching is performed after con- 
sent is obtained from the terminal subject to switching, 
switching may be refused in cases where the subject 
terminal is not suitable to operate as master terminal, 
such as when the subject terminal is running an appli- 
cation with a large amount of information or does not 
possess sufficient ability to function as master terminal. 
As a result, a network may be formed with an appropri- 
ate terminal as master terminal. 
[0069] In the first embodiment, switching is performed 
after consent is obtained from the terminal subject to 
switching, but switching may be performed without ob- 
taining consent, and this method will be described below 
using a second embodiment. 

[0070] Fig. 4 is a flowchart illustrating a communica- 
tion mode switching sequence between master terminal 
and slave terminal based on remaining battery power in 
a communication mode switching method according to 
the second embodiment. 

[0071] In Fig. 4 in this embodiment, a network is ini- 
tially connected with terminal 1 as the master terminal 
and terminal 2 and terminal 3 as slave terminals. Termi- 
nals 1 , 2, 3 use radio communication devices 10 having 
the configuration illustrated in Fig. 2. 
[0072] During communication in a network with termi- 
nal 1 as the master terminal, the master terminal meas- 
ures its remaining battery power at constant intervals 
(step S200) and judges whether or not the master ter- 
minal is subject to switching (step S201). 
[0073] Here, if the remaining battery power exceeds 
a constant value, or if the decrease value of the remain- 
ing battery power is less than a constant value, it is 
judged that it is not time to switch communication mode 
(NO in step S201) and the network with terminal 1 as 
master terminal and terminals 2 and 3 as slave terminals 
is maintained. 

[0074] If the remaining battery power is equal to or 
below a constant value, or if the decrease value of the 
remaining battery power is equal to or greater than a 
constant value, it is judged to be time to switch commu- 
nication mode (YES in step S201) and the master ter- 
minal requests battery information from the slave termi- 
nals (step S202). 

[0075] The slave terminals measure their remaining 
battery power (step S203) and notify the master terminal 
of the battery information (step S204). In the master ter- 
minal, the notified battery information is used to select 
the slave terminal with the greatest remaining battery 
power as the terminal subject to switching (step S205). 
[0076] In this embodiment, the remaining battery 
power of terminal 2 is assumed to be the greatest, and 
therefore terminal 2 is selected as the terminal subject 
to switching. 

[0077] A communication mode switch command is 
then transmitted to terminal 2, which is the slave termi- 
nal subject to switching (step S206), and identifiers for 
the terminals forming the network are also transmitted 



thereto (step S207). 

[0078] When a network disconnection request is re- 
ceived from the slave terminal subject to switching (step 
S208), a network disconnection request is transmitted 
s to each slave terminal (step S209) and the network is 
disconnected. 

[0079] Upon disconnection of the network, terminal 2, 
which is the slave terminal subject to switching, trans- 
mits a connection request to any one of the terminals 
10 forming the network (step S210), and having received 
a response regarding radio communication connection 
from that terminal (step S211), transmits a connection 
request to another one of the terminals forming the net- 
work (step S212). Once a response regarding radio 
« communication connection is received from this termi- 
nal (step S21 3), the network is reconnected with the ter- 
minal itself (terminal 2) as master terminal. 
[0080] With this reconnection, the communication 
mode of terminal 1 is switched from master terminal to 
slave terminal and the communication mode of terminal 
2 is switched from slave terminal to master terminal. 
Thus network communication with terminal 2 as master 
terminal commences. 

[0081] In the second embodiment, the slave terminal 
with the greatest remaining battery power becomes the 
new master terminal, and thus network disconnection 
due to batteries dying can be prevented and a network 
constituted by the same terminals can be maintained 
long-term. 

[0082] Further, since consent from the terminal sub- 
ject to switching is not necessary, a network can be 
formed with an appropriate terminal as master terminal 
without placing a load upon the user of the subject ter- 
minal. 

[0083] However, as is illustrated in Fig. 5(a), this net- 
work is formed by the point-to-point connection of the 
radio communication device 10-1 operating as master 
terminal with the radio communication devices 10-2, 
10-3, 10-4 operating as slave terminals using short 
range radio communication. 

[0084] Hence, as is illustrated in Fig. 5(b), if the radio 
communication device 10-1 operating as master termi- 
nal moves, for example, the communication range for 
connecting with the master terminal moves in accord- 
ance with this movement and the radio communication 
device 1 0-4, which is a slave terminal that has fallen out- 
side of the communication range, is forcibly disconnect- 
ed from the network. 

[0085] Thus, a radio communication method in which 
a slave terminal which is capable of commun icating with 
each terminal is switched to master terminal, as is illus- 
trated in Fig. 5(c), will be described as a third embodi- 
ment. 

[0086] Fig. 6 is a flowchart illustrating a communica- 
tion mode switching sequence between master terminal 
and slave terminal based on the positional relationship 
of each terminal in the communication mode switching 
method according to the third embodiment. 
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[0087] In Fig. 6 in this embodiment, a network is ini- 
tially connected with terminal 1 as the master terminal 
and terminals 2 and 3 as slave terminals. Terminals 1 , 
2, 3 use radio communication devices 10 having the 
configuration illustrated in Fig. 2. 
[0088] During communication in a network with termi- 
nal 1 as the master terminal, the master terminal meas- 
ures its positional relationship at constant intervals (step 
S300) and judges whether or not the master terminal is 
subject to switching (step S301). 
[0089] Here, if all of the slave terminals are within the 
communication range of the master terminal, it is judged 
that it is not time to switch communication mode (NO in 
step S301) and the network with terminal 1 as master 
terminal and terminals 2 and 3 as slave terminals is 
maintained. 

[0090] If the position of any of the slave terminals is 
outside of the communication range of the master ter- 
minal, it is judged to be time for switching communica- 
tion mode (YES in step S301) and the master terminal 
requests positional relationship information from the 
slave terminals (step S302). 

[0091] The slave terminals measure their positional 
relationship (step S303) and notify the master terminal 
of the positional relationship information (step S304). 
From the notified positional relationship information, the 
master terminal selects the terminal which includes the 
largest number of network-forming terminals within the 
communication range thereof as the terminal subject to 
switching (step S305). 

[0092] In this embodiment, it is assumed that the larg- 
est number of network-forming terminals is included 
within the communication range of terminal 2, and there- 
fore terminal 2 is selected as the terminal subject to 
switching. 

[0093] A communication mode switching request is 
then transmitted to terminal 2, which is the slave termi- 
nal subject to switching (step S306), whereupon a judg- 
ment is made in terminal 2 as to whether consent to 
switching shall be given (step S307). 
[0094] If consent to switching is given (YES in step 
S307), a response to the communication mode switch- 
ing request is transmitted (step S308) and the master 
terminal transmits the identifiers of the terminals forming 
the network to the slave terminal subject to switching 
(step S309). 

[0095] Then, when a network disconnection request 
is received from the slave terminal subject to switching 
(step S310), a network disconnection request is trans- 
mitted to each terminal (step S311) and the network is 
disconnected. 

[0096] Upon disconnection of the network, terminal 2, 
which is the slave terminal subject to switching, trans- 
mits a connection request to any one of the terminals 
forming the network (step S312), and having received 
a response regarding radio communication connection 
from that terminal (step S313), transmits a connection 
request to another one of the terminals forming the net- 



work (step S314). Once a response regarding radio 
communication connection is received from this termi- 
nal (step S31 5), the network is reconnected with the ter- 
minal itself (terminal 2) as master terminal. 

s [0097] With this reconnection, the communication 
mode of terminal 1 is switched from a communication 
mode as master terminal to a communication mode as 
slave terminal, and the communication mode of terminal 
2 is switched from a communication mode as slave ter- 

10 minal to a communication mode as master terminal. 
Thus network communication with terminal 2 as master 
terminal commences. 

[0098] Thus in the third embodiment, the slave termi- 
nal with the largest number of network-forming terminals 

is in its communication range becomes the new master 
terminal, and hence network disconnection accompany- 
ing the movement of a terminal is prevented and a net- 
work constituted by the same terminals can be main- 
tained long-term. 

20 [0099] Further, since switching is performed after ob- 
taining consent from the terminal subject to switching, 
switching may be refused when the slave terminal sub- 
ject to switching is not suitable to operate as master ter- 
minal, and thus a network may be formed with an ap- 

25 propriate terminal as master terminal. 

[0100] In the third embodiment, switching is per- 
formed after consent is obtained from the terminal sub- 
ject to switching, but switching may be performed with- 
out obtaining consent, and this method will be described 

30 below using a fourth embodiment. 

[0101] Fig. 7 is a flowchart illustrating a communica- 
tion mode switching sequence between master terminal 
and slave terminal based on the positional relationship 
of each terminal in the communication mode switching 

35 method according to the fourth embodiment. 

[0102] In Fig. 7 in this embodiment, a network is ini- 
tially connected with terminal 1 as the master terminal 
and terminals 2 and 3 as slave terminals. Terminals 1 , 
2, 3 use radio communication devices 10 having the 

40 configuration illustrated in Fig. 2. 

[0103] During communication in a network with termi- 
nal 1 as the master terminal, the master terminal meas- 
ures its positional relationship at constant intervals (step 
S400) and judges whether or not the master terminal is 

45 subject to switching (step S401 ). 

[01 04] Here, if all of the slave terminals are within the 
communication range of the master terminal, it is judged 
that it is not time to switch communication mode (NO in 
step S401) and the network with terminal 1 as master 

so terminal and terminals 2 and 3 as slave terminals is 
maintained. 

[0105] If the position of any of the slave terminals is 
outside of the communication range of the master ter- 
minal, it is judged to be time for switching communica- 
55 tion mode (YES in step S401) and the master terminal 
requests positional relationship information from the 
slave terminals (step S402). 

[0106] The slave terminals measure their positional 
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relationship (step S403) and notify the master terminal 
of the positional relationship information (step S404). 
From the notified positional relationship information, the 
master terminal selects the slave terminal which in- 
cludes the largest number of network-forming terminals 
within the communication range thereof as the terminal 
subject to switching (step S405). 
[0107] In this embodiment, it is assumed thatthe larg- 
est number of network-forming terminals is included 
within the communication range of terminal 2, and there- 
fore terminal 2 is selected as the terminal subject to 
switching. 

[0108] A communication mode switch command is 
then transmitted to terminal 2, which is the slave termi- 
nal subject to switching (step S406), and identifiers for 
the terminals forming the network are also transmitted 
thereto (step S407). 

[0109] When a network disconnection request is re- 
ceived from the slave terminal subject to switching (step 
S408), a network disconnection request is transmitted 
to each slave terminal (step S409) and the network is 
disconnected. 

[0110] Upon disconnection of the network, terminal 2, 
which is the slave terminal subject to switching, trans- 
mits a connection request to any one of the terminals 
forming the network (step S410), and having received 
a response regarding radio communication connection 
from that terminal (step S411), transmits a connection 
request to another one of the terminals forming the net- 
work (step S412). Once a response regarding radio 
communication connection is received from this termi- 
nal (step S41 3), the network is reconnected with the ter- 
minal itself (terminal 2) as master terminal. 
[0111] With this reconnection, the communication 
mode of terminal 1 is switched from master terminal to 
slave terminal and the communication mode of terminal 
2 is switched from slave terminal to master terminal. 
Thus network communication with terminal 2 as master 
terminal commences. 

[0112] Thus in the fourth embodiment, the slave ter- 
minal with the largest number of network-forming termi- 
nals in its communication range becomes the new mas- 
ter terminal, and hence network disconnection accom- 
panying the movement of a terminal is prevented and a 
network constituted by the same terminals can be main- 
tained long-term. 

[01 13] Further, since consent from the terminal sub- 
ject to switching is not necessary, a network can be 
formed with an appropriate terminal as master terminal 
without placing a load upon the user of the subject ter- 
minal. 

[01 14] Note that in the third and fourth embodiments, 
only information concerning the number of terminals in- 
cluded within the communication range of each slave 
terminal is noted as the positional relationship informa- 
tion received by the master terminal from the slave ter- 
minals, but information regarding the distance from 
each terminal to the terminals in the communication 



ranges thereof may also be used as this positional rela- 
tionship information. 

[0115] Operations for gathering positional relation- 
ship information, including distance information, and a 
5 method for determining the terminal subject to switching 
using this distance information, will now be described. 
[01 16] Figs. 8(a) and 8(b) are conceptual diagrams of 
an operation for calculating the distances between the 
terminals within the communication range of each slave. 
10 [0117] Specifically, Fig. 8(a) illustrates the calculation 
of the distance between the slave terminal 10-2 in Fig. 
5(b) and the other terminals within the communication 
range thereof, and Fig. 8(b) illustrates the calculation of 
the distance between the slave terminal 10-3 in Fig. 5 
is (b) and the other terminals within the communication 
range thereof. 

[0118] In Fig. 8(a), the slave terminal 10-2 uses the 
distance calculation unit 131 of the positional relation- 
ship measuring unit 13 to respectively calculate (esti- 
mate) the distances L1 1 , L1 2, L1 3 from the slave termi- 
nal itself to the master terminal 1 0-1 and the slave ter- 
minals 10-3, 10-4 within the communication range 
thereof on the basis of the receive signal strength inten- 
sity of signals received from the master terminal and 
slave terminals. The distance information indicating 
these calculated distances is passed to the positional 
relationship information processing unit 14. 
[0119] In Fig. 8(b), the slave terminal 10-3 uses the 
distance calculation unit 131 of the positional relation- 
ship measuring unit 13 to respectively calculate (esti- 
mate) the distances L21 , L22, L23 from the slave termi- 
nal itself to the master terminal 1 0-1 and slave terminals 
10-2, 10-4 within the communication range thereof on 
the basis of the receive signal strength intensity of sig- 
nals received from the master terminal and slave termi- 
nals. The distance information indicating these calculat- 
ed distances is passed to the positional relationship in- 
formation processing unit 1 4. 

[0120] When this distance information is received in 
the positional relationship information processing unit 
14 of the slave terminal 10-2 and the slave terminal 10-3, 
positional relationship information including this dis- 
tance information is generated and transmitted to the 
master terminal 10-1 through the short range radio com- 
munication unit 11. 

[0121] Fig. 9 is a view showing the configuration of 
positional relationship information 140 generated by the 
positional relationship information processing unit 14 
and transmitted to the master terminal 1 0-1 . 
[0122] This positional relationship information 140 is 
constituted by an ID for the transmission source slave, 
information regarding the number of terminals included 
within the communication range of this slave, and infor- 
mation regarding the distances between the slave ter- 
minal and each terminal. Here, the distance information 
is an aggregate of the distances between the slave ter- 
minal and each of the terminals included within the com- 
munication range thereof, for example. 
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[01 23] In this example, the distance information within 
the positional relationship information 140 transmitted 
from the slave terminal 10-2 is (L1=L11+L12+L13) r and 
the distance information within the positional relation- 
ship information 1 40 transmitted from the slave terminal s 
10-3 is (L2=L21+L22+L23). It is assumed here that 
L1>L2. 

[0124] The master terminal 10-1 receives the posi- 
tional relationship information 140 transmitted from 
each of the network-forming terminals 1 0-2, 1 0-3, 1 0-4 10 
via the short range radio communication unit 11 and 
downloads the information into the positional relation- 
ship information processing unit 14. 
[0125] The positional relationship information 
processing unit 14 determines the terminal subject to 15 
switching on the basis of each set of received positional 
relationship information 140. More specifically, the 
"number of terminals included with in the communication 
range" in each set of received positional relationship in- 
formation 1 40 is compared, and the slave terminal with 20 
the largest number of terminals in the communication 
range thereof is determined as the slave terminal sub- 
ject to switching. 

[01 26] If there is more than one slave terminal which 
includes the largest number of terminals in the commu- 25 
nication range thereof, the "information regarding the 
distances between each terminal" in each set of posi- 
tional relationship information 140 received from the 
slave terminals is then compared and the slave terminal 
with the shortest distances between each terminal is de- 30 
termined as the slave terminal subject to switching. 
[01 27] In the case of the positional relationship in Fig. 
5(b), the slave terminal 1 0-2 and the slave terminal 1 0-3 
are retrieved as the terminals with the largest number 
of terminals in the communication range (see Fig. 8), 35 
and on the basis of the result of a comparison between 
the information L1 , 12 regarding the distances between 
each of the terminals calculated according to the meth- 
od described in Fig. 8, (this result indicating L1>L2), it 
is judged that the distances between the slave terminal 40 
10-3 and each terminal are smaller than those of the 
slave terminal 1 0-2. Thus the slave terminal 1 0-3 is de- 
termined as the slave terminal subject to switching (see 
Fig. 5(c)). 

[0128] The reason that the slave terminal 10-3, having *s 
the shortest distances between itself and each of the 
terminals in its communication range, is determined as 
the switching subject is that when this slave terminal 
1 0-3 becomes the new master terminal and forms a net- 
work with the terminals in its communication range, the 
short distances between the slave terminal 10-3 and 
each terminal ensure high quality communication. 
[0129] In other words, according to a method of de- 
termining the slave terminal subject to switching in 
which "information regarding the distances between a 
slave terminal and each of the terminals within the com- 
munication range thereof" is included in the positional 
relationship information 140 transmitted to the master 
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terminal from each of the slave terminals forming the 
network and this distance information is also used in the 
determining method, a higher quality of communication 
can be ensured in the network which is formed after 
switching to a communication mode with this slave ter- 
minal as the new master terminal. 
[0130] Thus in the third and fourth embodiments, the 
terminal which is to become the next master terminal is 
determined on the basis of positional relationship infor- 
mation (the number of terminals included within the 
communication range of each slave terminal and infor- 
mation regarding the distances between each slave ter- 
minal and each terminal with the communication range 
thereof) which is received by the master terminal from 
each slave, and hence the occurrence of a terminal de- 
viating from the communication range of the new master 
terminal in the network formed with this terminal as the 
new master terminal can be forestalled and short range 
radio communication among the same terminals as 
those prior to switching can be maintained. 
[0131] In particular, if the terminal to be the next mas- 
ter terminal is determined by gathering information re- 
garding the distances between each slave terminal and 
the terminals within the communication range thereof as 
positional relationship information and using this dis- 
tance information in the determination process, a higher 
quality of communication can be ensured in the network 
formed after switching to a communication mode with 
this slave terminal as the new master terminal. 
[0132] In the first through fourth embodiments, 
switching of the communication mode between master 
terminal and slave terminal is performed on the basis of 
battery information or positional relationship informa- 
tion. However, a configuration in which a more appro- 
priate slave terminal is selected as the new master ter- 
minal may be provided if both battery information and 
positional relationship information are used. 
[0133] Therefore, a radio communication method for 
selecting a slave terminal to become a new master ter- 
minal using battery information and positional relation- 
ship information and switching the master terminal with 
the selected slave terminal will be described as a fifth 
embodiment. 

[0134] Fig. 1 0 is a flowchart illustrating a communica- 
tion mode switching sequence between master terminal 
and slave terminal based on the remaining battery pow- 
er and positional relationship of each terminal in the 
communication mode switching method according to 
the fifth embodiment. 

[0135] In Fig. 10 in this embodiment, a network is in- 
itially connected with terminal 1 as the master terminal 
and terminals 2 and 3 as slave terminals. Terminals 1 , 
2, 3 use radio communication devices 10 having the 
configuration illustrated in Fig. 2. 
[0136] During communication in a network with termi- 
nal 1 as the master terminal, the master terminal meas- 
ures its remaining battery power and positional relation- 
ship at constant intervals (step S500) and judges wheth- 
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eror not the master terminal is subjectto switching (step 

5501) . 

[0137] Here, if all of the slave terminals are within the 
communication range of the master terminal, and if the 
remaining battery power thereof exceeds a constant val- s 
ue or the decrease value of the remaining battery power 
is less than a constant value, it is judged that it is not 
time to switch communication mode (NO in step S501) 
and the network with terminal 1 as master terminal and 
terminals 2 and 3 as slave terminals is maintained. 10 
[0138] If the position of any of the slave terminals is 
outside of the communication range of the master ter- 
minal, or if the remaining battery power is equal to or 
below a constant value or the decrease value of the re- 
maining battery power is equal to or greater than a con- 15 
stant value, it is judged to be time for switching commu- 
nication mode (YES in step S501) and the master ter- 
minal requests battery information and positional rela- 
tionship information from the slave terminals (step 

5502) . 20 
[0139] The slave terminals measure their remaining 
battery power and positional relationship (step S503) 
and notify the master terminal of the battery information 
and positional relationship information (step S504). 
From the notified battery information and positional re- 25 
lationship information, the master terminal selects the 
terminal with the greatest remaining battery power from 
among the terminals which include the largest number 

of network-forming terminals within the communication 
ranges thereof as the subject of communication mode 30 
switching (step S505). 

[0140] In this embodiment, terminal 2 has the greatest 
remaining battery power from among the terminals with 
the largest number of network-forming terminals within 
the communication ranges thereof, and therefore termi- 35 
nal 2 is selected as the subject of communication mode 
switching. 

[0141] A communication mode switching request is 
then transmitted to terminal 2, which is the slave termi- 
nal subject to switching (step S506), whereupon a judg- 40 
ment is made in terminal 2 as to whether consent to 
switching shall be given (step S507). 
[0142] If consent to switching is given (YES in step 
S507), a response to the communication mode switch- 
ing request is transmitted (step S508) and the master 45 
terminal transmits the identifiers of the terminals forming 
the network to the slave terminal subject to switching 
(step S509). 

[0143] Then, when a network disconnection request 
is received from the slave terminal subject to switching so 
(step S510), a network disconnection request is trans- 
mitted to each slave terminal (step S511) and the net- 
work is disconnected. 

[01 44] Upon disconnection of the network, terminal 2, 
which is the slave terminal subject to switching, trans- ss 
mits a connection request to any one of the terminals 
forming the network (step S512), and having received 
a response regarding radio communication connection 
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from that terminal (step S513), transmits a connection 
request to another one of the terminals forming the net- 
work (step S514). When a response regarding radio 
communication connection is received from this termi- 
nal (step S51 5), the network is reconnected with the ter- 
minal itself (terminal 2) as master terminal. 
[0145] With this reconnection, the communication 
mode of terminal 1 is switched from a communication 
mode as master terminal to a communication mode as 
slave terminal, and the communication mode of terminal 
2 is switched from a communication mode as slave ter- 
minal to a communication mode as master terminal. 
Thus network communication with terminal 2 as master 
terminal commences. 

[01 46] Thus in the fifth embodiment the terminal with 
the greatest remaining battery power from among the 
slave terminals with the largest number of network-form- 
ing terminals within the communication ranges thereof 
becomes the new master terminal, and hence network 
disconnection upon master terminal switching can be 
prevented and a network which is constituted by the 
same terminals can be maintained over a long period of 
time. 

[0147] Further, by selecting a terminal with sufficient 
remaining battery power from among the slave termi- 
nals with the largest number of terminals within the com- 
munication ranges thereof as the new master terminal, 
the number of network reconnections due to decreases 
in the remaining battery power of the master terminal 
can be suppressed, and hence network reconnection 
processing and battery power consumption can be sup- 
pressed. 

[0148] Also, since switching is performed after obtain- 
ing consent from the terminal subject to switching, 
switching may be refused when the slave terminal sub- 
ject to switching is not suitable to operate as master ter- 
minal, and thus a network may be formed with an ap- 
propriate terminal as master terminal. 
[0149] in the fifth embodiment, switching is performed 
after consent is obtained from the terminal subject to 
switching, but switching may be performed without ob- 
taining consent, and this method will be described below 
using a sixth embodiment. 

[01 50] Fig. 1 1 is a flowchart illustrating a communica- 
tion mode switching procedure between master terminal 
and slave terminal based on the remaining battery pow- 
er and positional relationship of each terminal in the 
communication mode switching method according to 
the sixth embodiment. 

[0151] In Fig. 11 in this embodiment, a network is in- 
itially connected with terminal 1 as the master terminal 
and terminals 2 and 3 as slave terminals. Terminals 1, 
2, 3 use radio communication devices 10 having the 
configuration illustrated in Fig. 2. 
[0152] During communication in a network with termi- 
nal 1 as the master terminal, the master terminal meas- 
ures its remaining battery power and positional relation- 
ship at constant intervals (step S600) and judges wheth- 
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er or not the master terminal is subjectto switching (step 

5601) . 

[01 53] Here, if ail of the slave terminals are within the 
communication range of the master terminal, and if the 
remaining battery power exceeds a constant value or 
the decrease value of the remaining battery power is 
less than a constant value, it is judged that it is not time 
to switch communication mode (NO in step S601) and 
the network with terminal 1 as master terminal and ter- 
minals 2 and 3 as slave terminals is maintained. 
[0154] If the position of any of the slave terminals is 
outside of the communication range of the master ter- 
minal, or if the remaining battery power is equal to or 
below a constant value or the decrease value of the re- 
maining battery power is equal to or greater than a con- 
stant value, it is judged to be time for switching commu- 
nication mode (YES in step S601) and the master ter- 
minal requests battery information and positional rela- 
tionship information from the slave terminals (step 

5602) . 

[0155] The slave terminals measure their remaining 
battery power and positional relationship (step S603) 
and notify the master terminal of the battery information 
and positional relationship information (step S604). 
From the notified battery information and positional re- 
lationship information, the master terminal selects the 
terminal with the greatest remaining battery power from 
among the terminals which include the largest number 
of network-forming terminals within the communication 
ranges thereof as the subject of communication mode 
switching (step S605). 

[01 56] In this embodiment, terminal 2 has the greatest 
remaining battery power from among the terminals with 
the largest number of network-forming terminals within 
the communication ranges thereof , and therefore termi- 
nal 2 is selected as the subject of communication mode 
switching. 

[0157] A communication mode switch command is 
then transmitted to terminal 2, which is the slave termi- 
nal subject to switching (step S606), and identifiers for 
the terminals forming the network are also transmitted 
thereto (step S607). 

[0158] When a network disconnection request is re- 
ceived from the slave terminal subject to switching (step 
S608), a network disconnection request is transmitted 
to each slave terminal (step S609) and the network is 
disconnected. 

[01 59] Upon disconnection of the network, terminal 2, 
which is the slave terminal subject to switching, trans- 
mits a connection request to any one of the terminals 
forming the network (step S610), and having received 
a response regarding radio communication connection 
from that terminal (step S611), transmits a connection 
request to another one of the terminals forming the net- 
work (step S6t2). When a response regarding radio 
communication connection is received from this termi- 
nal (step S613), the network is reconnected with the ter- 
minal itself (terminal 2) as master terminal. 



[0160] With this reconnection, the communication 
mode of terminal 1 is switched from master terminal to 
slave terminal and the communication mode of terminal 
2 is switched from slave terminal to master terminal. 
5 Thus network communication with terminal 2 as master 
terminal commences. 

[01 61 ] Thus in the sixth embodiment the terminal with 
the greatest remaining battery power from among the 
slave terminals with the largest number of network-form- 

10 ing terminals within the communication ranges thereof 
becomes the new master terminal, and hence network 
disconnection upon master terminal switching can be 
prevented and a network which is constituted by the 
same terminals can be maintained over a long period of 

« time. 

[0162] Further, since the terminal with the greatest re- 
maining battery power from among the slave terminals 
with the largest number of network-forming terminals 
within the communication ranges thereof becomes the 
20 new master terminal, the number of network reconnec- 
ts ns due to decreases in remaining battery power can 
be suppressed, and hence network reconnection 
processing and battery power consumption can be sup- 
pressed. 

25 [0163] Further, since consent from the terminal sub- 
ject to switching is not necessary, a network can be 
formed with an appropriate terminal as master terminal 
without placing a load upon the user of the subject ter- 
minal. 

30 [0164] Note that information regarding the distances 
between each slave terminal and each of the terminals 
within the communication range thereof may also be 
used in the fifth and sixth embodiments as positional re- 
lationship information received by the master terminal 

35 from each slave terminal as well as information regard- 
ing the number of terminals included within the commu- 
nication range of each slave. 

[0165] The positional relationship information 140 in- 
cluding distance information (see Fig. 9) may be gath- 

40 ered accordin g to the method wh ich was described with 
reference to Fig. 8, and the master terminal may deter- 
mine the slave terminal subject to switching on the basis 
of this positional relationship information 140 and bat- 
tery information gathered from each of the slave termi- 

45 nals. 

[0166] In this case, the master terminal may deter- 
mine the slave terminal subject to switching by selecting 
a mode in which either distance is given priority or bat- 
tery power is given priority. 

so [01 67] If distance is given priority, in the positional re- 
lationship state illustrated in Fig. 8, for example, a judg- 
ment is made on the basis of the "information regarding 
the distances between each terminal" in the positional 
relationship information 1 40 transmitted from the slave 

55 terminals 10-2, 10-3 that the slave terminal 10-3, from 
among the slave terminals 10-2, 10-3 which have the 
largest number of terminals within their communication 
ranges, has shorter distances between itself and theter- 
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minals in its communication range than the slave termi- 
nal 10-2 (L1>L2), and therefore this slave terminal 10-3 
may be determined as the slave terminal subject to 
switching. 

[0168] If battery power is given priority, however, 5 
when the slave terminal 1 0-2 has greater remaining bat- 
tery power, then the slave terminal 10-2 may be deter- 
mined as the slave terminal subject to switching even if 
the slave terminal 10-3 has shorter distances between 
itself and the terminals in its communication range than 10 
the slave terminal 1 0-2 (L1 >L2). 
[0169] When distance is given priority and the slave 
terminal determined at that time as the switching subject 
subsequently becomes master terminal to form a net- 
work with the terminals in the communication range *5 
thereof, a higher level of communication quality can be 
maintained. When battery power is given priority and the 
slave terminal determined at that time as the switching 
subject subsequently becomes master terminal, the net- 
work formed with the terminals in the communication 20 
range thereof can be maintained for a longer period of 
time. 

[0170] Next, a radio communication method for 
switching a master terminal and slave terminal in which 
communication with each terminal may be performed 25 
when a slave terminal falls outside of the communication 
range of the master terminal to become forcibly discon- 
nected from the network will be described. 
[0171] Fig. 12 is a flowchart illustrating a communica- 
tion mode switching sequence between master terminal 30 
and slave terminal based on the positional relationship 
of each terminal in the communication mode switching 
method according to a seventh embodiment. 
[0172] In Fig. 12 in this embodiment, a network is in- 
itially connected with terminal 1 as the master terminal 35 
and terminals 2 through 4 as slave terminals. Terminals 
1,2,3, and 4 use radio communication devices 1 0 hav- 
ing the configuration illustrated in Fig. 2. 
[01 73] When a slave terminal is forcibly disconnected 
from the network (step S700) during communication in 40 
a network with terminal 1 as the master terminal, it is 
judged to be time to switch the master terminal and the 
master terminal requests positional relationship infor- 
mation from the network-connected slave terminals 
(stepS701). 45 
[0174] In this embodiment, terminal 4 is assumed to 
have been forcibly disconnected from the network. 
[0175] The slave terminals from which positional re- 
lationship information has been requested measure 
their positional relationship (step S702) and notify the so 
masterterminal of the positional relationship information 
(step S703). From the notified positional relationship in- 
formation, the master terminal selects the terminal 
which includes the largest number of network-forming 
terminals (including the terminal which has been forcibly ss 
disconnected from the network) within the communica- 
tion range thereof as the subject of communication 
mode switching (step S704). 



[0176] In this embodiment, it is assumed that the larg- 
est number of network-forming terminals is included 
within the communication range of terminal 2, and there- 
fore terminal 2 is selected as the subject of communi- 
cation mode switching. 

[0177] A communication mode switching request is 
then transmitted to terminal 2, which is the slave termi- 
nal subject to switching (step S705), whereupon a judg- 
ment is made in terminal 2 as to whether consent to 
switching shall be given (step S706). 
[0178] If consent to switching is given (YES in step 
S706), a response to the communication mode switch- 
ing request is transmitted (step S707) and the master 
terminal transmits the identifiers of th e termi nals forming 
a network which includes the forcibly disconnected ter- 
minal to the slave terminal subject to switching (step 
S708). 

[0179] Then, when a network disconnection request 
is received from the slave terminal subject to switching 
(step S709), a network disconnection request is trans- 
mitted to each slave terminal (step S710) and the net- 
work is disconnected. 

[0180] Upon disconnection of the network, terminal 2, 
which is the slave terminal subject to switching, trans- 
mits a connection request to any one of the terminals 
forming the network (step S711 ), and having received a 
response regarding radio communication connection 
from that terminal (step S712), transmits a connection 
request to another one of the terminals forming-the net- 
work (step S713) and receives a response regarding ra- 
dio communication connection from this terminal (step 
S714). 

[01 81 ] A connection request is then transmitted to the 
terminal which was forcibly disconnected from the net- 
work (step S71 5), and when a response regarding radio 
communication connection is received from this termi- 
nal (step S71 6), the terminal (terminal 2) becomes mas- 
ter terminal and a network including the terminal (termi- 
nal 4) which was forcibly disconnected from the network 
is reconnected. 

[0182] With this reconnection, the communication 
mode of terminal 1 is switched from a communication 
mode as masterterminal to a communication mode as 
slave terminal, and the communication mode of terminal 
2 is switched from a communication mode as slave ter- 
minal to a communication mode as master terminal. 
Thus network communication with terminal 2 as master 
terminal commences. 

[0183] Thus in the seventh embodiment, when a ter- 
minal is forcibly disconnected from the network, the 
slave terminal which includes the largest number of ter- 
minals in its communication range is selected from 
among the terminals forming a network which includes 
the forcibly disconnected terminal as the new master 
terminal, and hence network disconnection due to a ter- 
minal moving can be prevented and a network which is 
constituted by the same terminals can be maintained 
over a long period of time. 
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[0184] Further, since switching is performed after ob- 
taining consent from the terminai subject to switching, 
switching may be refused when the slave terminal sub- 
ject to switching is not suitable to operate as master ter- 
minal, and thus a network may be formed with an ap- 
propriate terminal as master terminal. 
[0185] In the seventh embodiment, switching is per- 
formed after consent is obtained from the terminal sub- 
ject to switching, but switching may be performed with- 
out obtaining consent, and this method will be described 
below using an eighth embodiment. 
[0186] Fig. 13 is a flowchart illustrating a communica- 
tion mode switching sequence between master terminal 
and slave terminal based on the positional relationship 
of each terminal in the communication mode switching 
method according to an eighth embodiment. 
[0187] In Fig. 13 in this embodiment, a network is in- 
itially connected with terminal 1 as the master terminal 
and terminals 2 through 4 as slave terminals. Terminals 
1 , 2, 3, and 4 use radio communication devices 10 hav- 
ing the configuration illustrated in Fig. 2. 
[01 88] When a slave terminal is forcibly disconnected 
from the network (step S800) during communication in 
a network with terminal 1 as the master terminal, it is 
judged to be time to switch the master terminal and the 
master terminal requests positional relationship infor- 
mation from the network-connected slave terminals 
(stepS801). 

[0189] In this embodiment, terminal 4 is assumed to 
have been forcibly disconnected from the network. 
[0190] The slave terminals from which positional re- 
lationship information has been requested measure 
their positional relationship (step S802) and notify the 
masterterminal of the positional relationship information 
(step S803). From the notified positional relationship in- 
formation, the master terminal selects the terminal 
which includes the largest number of network-forming 
terminals (including the terminal which has been forcibly 
disconnected from the network) within the communica- 
tion range thereof as the subject of communication 
mode switching (step S804). 

[01 91 ] In this embodiment, it is assumed that the larg- 
est number of network-forming terminals is included 
within the communication range of terminal 2, and there- 
fore terminal 2 is selected as the subject of communi- 
cation mode switching. 

[01 92] A communication mode switch command (step 

5805) and identifiers for the terminals which form a net- 
work including the forcibly disconnected terminal (step 

5806) are then transmitted to terminal 2, which is the 
slave terminal subject to switching. 

[0193] Then, when a network disconnection request 
is received from the slave terminal subject to switching 
(step S807), a network disconnection request is trans- 
mitted to each slave terminal (step S808) and the net- 
work is disconnected. 

[01 94] Upon disconnection of the network, terminal 2, 
which is the slave terminal subject to switching, trans- 



mits a connection request to any one of the terminals 
forming the network (step S809), and having received 
a response regarding radio communication connection 
from that terminal (step S810), transmits a connection 
5 request to another one of the terminals forming the net- 
work (step S811) and receives a response regarding ra- 
dio communication connection from this terminal (step 
S812). 

[0195] A connection request is then transmitted to the 
10 terminal which was forcibly disconnected from the net- 
work (step S81 3), and when a response regarding radio 
communication connection is received from this termi- 
nal (step S814), the terminal (terminal 2) becomes mas- 
ter terminal and a network including the terminal (termi- 
15 nal 4) which was forcibly disconnected from the network 
is reconnected. 

[0196] With this reconnection, the communication 
mode of terminal 1 is switched from master terminal to 
slave terminal and the communication mode of terminal 
20 2 is switched from slave terminal to master terminal. 
Thus network communication with terminal 2 as master 
terminal commences. 

[01 97] Thus in the eighth embodiment, when a termi- 
nal is forcibly disconnected from the network, the slave 

25 terminal which includes the largest number of terminals 
in its communication range is selected from among the 
terminals forming a network which includes the forcibly 
disconnected terminal as the new master terminal, and 
hence network disconnection due to a terminal moving 

30 can be prevented and a network which is constituted by 
the same terminals can be maintained over a long peri- 
od of time. 

[0198] Further, since consent from the terminal sub- 
ject to switching is not necessary, a network can be 
35 formed with an appropriate terminal as master terminal 
without placing a load upon the user of the subject ter- 
minal. 

[0199] However, in all of the aforementioned first 
through eighth embodiments, communication mode 

40 switching such that communication mode switching tim- 
ing is determined by the masterterminal, a communica- 
tion mode switching request is issued at this timing to 
the slave terminal subject to switching, and the network 
is reconstructed in accordance with this request with the 

45 slave terminal subject to switching as master terminal, 
is mainly performed by the masterterminal. 
[0200] In this method, if the masterterminal becomes 
disconnected from the network, the function for issuing 
the aforementioned communication mode switching re- 

50 quest disappears and thus it may be impossible to re- 
construct the network. 

[0201] The ninth embodiment has been devised in 
consideration of these circumstances, and according 
thereto, an arbitrary terminal is designated in advance 
55 by the master terminal as a substitute master terminal 
so that a network can be surely reconstructed even 
when the master terminal becomes disconnected from 
the network. This designated terminal (substitute termi- 
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nal) reconstructs the network by detecting the discon- 
nection of the master terminal from the network. 
[0202] Fig. 14 is a view illustrating the configuration 
of a communication system according to the ninth em- 
bodiment and a communication image thereof. 
[0203] As is illustrated in Fig. 14, the radio communi- 
cation devices 1 0A-1 , 10A-2, 1 0A-3, and 1 0A-4 used in 
the radio communication system of this embodiment are 
each provided with a short range radio communication 
unit 11. 

[0204] Thus the radio communication devices 1 0A-1 , 
10A-2, 1 OA-3, 1 0A-4 are able to perform short range ra- 
dio communication with another terminal by means of 
short range radio communication control of the short 
range radio communication units 11. 
[0205] The example in Fig. 1 4 shows an image of real 
time bidirectional communication performed by short 
range radio communication control of the short range 
radio communication units 1 1 , this communication being 
performed such that the radio communication device 
10A-1 is set to operate as master terminal and the an- 
other radio communication devices 10A-2, 10A-3, 10A- 
4 are set to operate as slave terminals, whereby the 
master terminal 1 0A-1 and peripheral slave terminals 
10A-2, 10A-3, 10A-4 are connected in a star formation. 
[0206] It is assumed that the real time bidirectional 
communication in this network configuration is online 
chat in which messages are exchanged between the 
master terminal 10A-1 and the slave terminals 10A-2, 
10A-3, 10A-4 without passing through a server. 
[0207] The short range radio communication units 11 
of the master terminal 10A-1 and slave terminals 10A- 
2, 1 0A-3, 1 0A-4 are each realized by Bluetooth, for ex- 
ample. 

[0208] Bluetooth is operated under communication 
specifications of a 2.4GHz band radio frequency and a 
100mW maximum radio output power. Transmission 
range is short (standard 10m) and transmission output 
is small, and thus when a user exchanges messages on 
the move while carrying a radio communication device, 
for example, short range radio communication is likely 
to break down so that messages cannot be exchanged. 
[0209] Thus if the user carrying the master terminal 
1 0A-1 in the network configuration in Fig. 14 moves, for 
example, the master terminal 10A-1 may become dis- 
connected from the network. 

[0210] In the network configuration shown in Fig. 14, 
the disconnection of the master terminal 1 0A-1 from the 
network will also occurs in such abrupt communication 
disable situations that take place when the user of the 
master terminal 10A-1 forcibly stops the operation of the 
master terminal 10A-1 or turns the power off. 
[0211] According to this embodiment, when such a 
situation arises, a network may be reconstructed among 
the slave terminals 10A-2, 10A-3, 10A-4 apart from the 
network-disconnected master terminal 10A-1 in a new 
master terminal-slave terminal star connection forma- 
tion so that real time bidirectional communication can 



be continued. 

[0212] Fig. 15 is a block diagram illustrating the con- 
figuration of a radio communication device 10A (used 
as the master terminal 10A-1 and the slave terminals 
5 10A-2, 10A-3, 10A-4) according to the present inven- 
tion. 

[0213] As is illustrated in Fig. 1 5, the radio communi- 
cation device 1 0A according to this embodiment com- 
prises a short range radio communication unit 11, a 
10 short range radio communication detection unit 12, a 
battery 15, a remaining battery power measuring unit 
1 6, a battery information processing unit 1 7, a remaining 
memory capacity measuring unit 1 8, a memory informa- 
tion processing unit 1 9, a switching subject terminal de- 
15 termining unit 22, a substitute designation transmitter/ 
receiver unit 24, a network configuration information 
transmitter/receiver unit 25, a terminal function setting 
unit 26, a link establishment control unit 27, a radio tel- 
ephone communication unit 31 , a message processing 
unit 32, a memory unit 33, a display unit 34, an input/ 
operating unit 35, and a control unit 36. 
[0214] Here, the short range radio communication 
unit 11, battery 15, remaining battery power measuring 
unit 1 6, battery information processing unit 1 7, switching 
subject terminal determining unit 22, radio telephone 
communication unit 31, message processing unit 32, 
memory unit 33, display unit 34, input/operating unit 35, 
and control unit 36 perform the same functions as the 
corresponding portions in the radio communication de- 
vice 10 shown in Fig. 2. 

[0215] The terminal function setting unit 26 sets 
whether the terminal in which it is comprised is to oper- 
ate as master terminal or a slave terminal in the network 
configuration as illustrated in Fig. 14. Note that master 
terminal or slave terminal setting may be performed by 
inputting predetermined setting information through the 
input/operating unit 35, for example. 
[0216] If the terminal function setting unit 26 is set to 
operate as slave terminal and this slave terminal is des- 
ignated as the substitute master terminal by the master 
terminal, and if the disconnection of the master terminal 
from the network is subsequently detected, the terminal 
function setting unit 26 also functions to switch the set- 
ting of the terminal from slave terminal to master termi- 
nal. 

[0217] The link establishment control unit 27 performs 
control of the establishment of links with opposing ter- 
minals depending upon whether the terminal comprising 
the link establishment control unit 27 is set to operate 
as master terminal or slave. When set as master termi- 
nal, for example, links are established with each of the 
peripheral terminals which are set as slave terminals, 
and when set as slave terminal, a link is established with 
the master terminal. 

[0218] Also when set as slave terminal, if the terminal 
which comprises the link establishment control unit 27 
is designated as the substitute terminal by the master 
terminal and receives network configuration information 
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from the master terminal relating to the current network, 
and Is subsequently switched from slave terminal set- 
ting to master terminal setting when the disconnection 
of the master terminal from the network is detected, links 
are established with each of the peripheral terminals on 
the basis of the network configuration information and 
the network is reconstructed with this terminal as master 
terminal. 

[0219] The substitute designation transmitter/receiv- 
er unit 24 selects an arbitrary peripheral terminal to be 
a substitute terminal candidate when the terminal com- 
prising this unit 24 is set to operate as master terminal 
and transmits to the selected terminal substitute desig- 
nation information designating this terminal as the sub- 
stitute master terminal. 

[0220] When the terminal comprising the substitute 
designation transmitter/receiver unit 24 is set to operate 
as slave terminal, this unit 24 receives the substitute 
designating information transmitted from the master ter- 
minal designating this slave terminal as the substitute 
master terminal. 

[0221] When the terminal comprising the network 
configuration information transmitter/receiver unit 25 is 
set to operate as master terminal, this unit 25 transmits 
network configuration information comprising identifica- 
tion information and connection information (master ter- 
minal/slave terminal relationship) for each of the termi- 
nals constituting the current network to the terminal des- 
ignated as the substitute terminal. 
[0222] When the terminal comprising the network 
configuration information transmitter/receiver unit 25 is 
set to operate as slave terminal and has been designat- 
ed by the master terminal as the substitute terminal, this 
unit 25 receives the network configuration information 
transmitted from the master terminal and stores same 
in a predetermined storage area in the memory unit 33, 
for example. 

[0223] The substitute designation transmitter/receiv- 
er unit24, network configuration information transmitter/ 
receiver unit 25, terminal function setting unit 26, and 
link establishment control unit 27 constitute a commu- 
nication mode switching processing unit. 
[0224] The short range radio communication detec- 
tion unit 12 is a part for checking the Bluetooth connec- 
tion condition between opposing terminals via the short 
range radio communication unit 11 . When the terminal 
comprising the short range radio communication detec- 
tion unit 12 operates as master terminal in accordance 
with the setting of the terminal function setting unit 26, 
for example, this unit 12 detects whether the terminal 
designated as substitute terminal is disconnected, and 
when the terminal comprising the terminal function set- 
ting unit 26 operates as slave terminal in accordance 
with the setting of the terminal function setting unit 26 
and has been designated as substitute terminal by the 
master terminal, this unit 12 detects whether or not the 
master terminal is disconnected from the network. 
[0225] The remaining memory capacity measuring 



unit 18 measures the remaining amount of memory in 
the memory unit 33. 

[0226] When the terminal comprising the memory in- 
formation processing unit 19 is set to operate as master 

5 terminal, this unit 1 9 uses the remaining memory capac- 
ity measuring unit 1 8 to measure the remaining amount 
of memory in the memory unit 33 of the master terminal 
at constant intervals and also requests remaining mem- 
ory capacity notification from the slave terminals and re- 

10 ceives the responses thereto. 

[0227] When the terminal comprising the memory in- 
formation processing unit 19 is set to operate as siave 
terminal, on the other hand, this unit 1 9 uses the remain- 
ing memory capacity measuring unit 1 8 to measure the 

15 remaining amount of memory in the memory unit 33 of 
this slave terminal after receiving a request for remain- 
ing memory capacity notification from the master termi- 
nal, and transmits this information to the master termi- 
nal. 

20 [0228] Next, the communication operations of the ra- 
dio communication device 1 0A according to this embod- 
iment will be described using a specific example. 
[0229] it is assumed in this description that the radio 
communication devices 10A-1 , 10A-2, 10A-3, and 10A- 
25 4 in the network configuration shown in Fig. 1 4 are each 
constituted as shown in Fig. 15 and that these radio 
communication devices 10A-1 , 10A-2, 10A-3, and 10A- 
4 are performing short range radio communication. 
[0230] It is assumed at this time that the radio com- 
30 munication device 1 0A-1 is operating as master terminal 
in accordance with the setting of the terminal function 
setting unit 26 thereof, and that the another radio com- 
munication devices 10A-2, 10A-3, 10A-4 are operating 
as slave terminals in accordance with the setting of the 
35 respective terminal function setting units 26 thereof. 
[0231] For ease in the following description, the radio 
communication device 10A-1 will be referred to as the 
master terminal, and the radio communication devices 
10A-2, 10A-3, 10A-4 will be referred to respectively as 
40 slave terminals. 

[0232] Under these setting conditions, the master ter- 
minal 10A-1 uses the link establishment control unit 27 
thereof to establish links with the siave terminals 10A- 
2, 10A-3, 10A-4 via the short range radio communica- 
45 tion unit 11, while the slave terminals 1 0A-2, 10A-3, 10A- 
4 use the link establishment control units 27 thereof to 
establish links with the master terminal 10A-1 via the 
short range radio communication units 11, and thus 
message exchange with the master terminal 10A-1 is 
performed by means of short range radio communica- 
tion. 

[0233] When the master terminal 10A-1 and the slave 
terminals 10A-2, 10A-3, 10A-4 are thus connected in 
star formation by means of short range radio communi- 
cation so as to exchange messages, the master terminal 
1 0A-1 performs control to designate one of the slave ter- 
minals 10A-2, 10A-3, 10A-4 as the substitute terminal 
thereof (that is, the substitute master terminal) while the 
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designated slave terminal from among the slave termi- 
nals 1 OA-2, 1 OA-3, 1 0A-4 receives this designation from 
the master terminal 10A-1 and performs control to be- 
come the substitute terminal of the master terminal 1 0A- 

1 and reconstruct the network. 

[0234] Fig. 16 is a flowchart illustrating control oper- 
ations for the designation of a substitute for the master 
terminal 10A-1 in Fig. 14. 

[0235] The master terminal 10A-1 activates the sub- 
stitute designation transmitter/receiver unit 24 at an ar- 
bitrary timing during message exchange (see Fig. 14) 
with the slave terminals 10A-2, 10A-3, 10A-4 in a mes- 
sage exchange session which is established with the 
slave terminals 1 0A-2, 1 OA-3, 1 0A-4 through the afore- 
mentioned link establishment control. 
[0236] The substitute designation transmitter/receiv- 
er unit 24 selects an arbitrary terminal from among the 
slave terminals 1 OA-2, 1 0A-3, 1 0A-4 as a substitute can- 
didate for the terminal in which the unit 24 is comprised 
(the master terminal) (step S161), and designates the 
selected substitute candidate terminal, for example the 
slave terminal 10A-2, as the substitute master terminal 
(step S162). Specifically, substitute designation infor- 
mation designating the substitute terminal for the master 
terminal 10A-1 is transmitted to the slave terminal 1 0A- 

2 via the short range radio communication unit 11. 
[0237] Next, the network configuration information 
transmitter/receiver unit 25 of the master terminal 1 0A- 

1 reads the network configuration information (com- 
prised of identification information and master terminal/ 
slave terminal relationship information for the master 
terminal 10A-1 and the slave terminals 10A-3, 10A-4) 
regarding the configuration of the current network from 
a predetermined storage area in the memory unit 33 and 
transmits this information via the short range radio com- 
munication unit 1 1 to the slave terminal 1 0A-2 which be- 
came the substitute terminal upon reception of the 
aforementioned substitute designation information 
(stepS 163). 

[0238] The master terminal 1 0A-1 then checks wheth- 
er or not the short range radio communication detection 
unit 1 2 thereof has detected that the slave terminal 1 0A- 

2 (substitute terminal) has become disconnected (step 
S164). 

[0239] If the disconnection of the slave terminal 1 0A- 
2 (substitute terminal) is not detected (NO in step S1 64), 
these checks continue, and when it is detected that the 
slave terminal 10A-2 (substitute terminal) has become 
disconnected (YES in step S164), processing returns to 
step S1 61 where a candidate for substitute master ter- 
minal is selected from the slave terminals 10A-3, 10A- 
4 other than the slave terminal 10A-2 (step S161) and 
the slave terminal 1 0A-3 or 1 0A-4 selected here is des- 
ignated as substitute master terminal (step S162). 
[0240] Thus the master terminal 1 0A-1 selects a sub- 
stitute terminal candidate at an arbitrary timing, desig- 
nates this terminal as substitute master terminal, and 
notifies this terminal of network configuration informa- 



tion regarding the current network. Then, if the substi- 
tute terminal (the substitute terminal candidate having 
received the aforementioned designation and network 
configuration information) becomes disconnected, the 

5 master terminal 10A-1 sets the terminal with the next 
most favorable conditions as a substitute terminal can- 
didate and provides notification of the aforementioned 
designation and network configuration information. In 
this manner a substitute terminal is maintained at all 

10 times. 

[0241 ] Note that as the method of substitute terminal 
candidate selection by the master terminal 10A-1, a 
method may be used in which remaining battery power 
is set to operate as the selection condition. For example, 
is the master terminal 1 0A-1 measures its remaining bat- 
tery power using the remaining battery power measur- 
ing unit 1 6 and then polls the respective remaining bat- 
tery power amounts of each of the slave terminals 1 0A- 
2, 10A-3, 10A-4 such that when the remaining battery 
power of the master terminal 10A-1 falls below the re- 
maining battery power of the slave terminals 10A-2, 
1 0A-3, 1 0A-4, the terminal from among these slave ter- 
minals 10A-2, 10A-3, 10A-4 with the greatest remaining 
battery power is selected. 

[0242] The polling of the remaining battery power in 
this case can be realized by similar processing to steps 
S102 to S104 in Fig. 3, for example. 
[0243] That is, in this case the master terminal 1 0A-1 
uses the battery information processing unit 17 to re- 
quest notification of battery information indicating re- 
maining battery power from each of the slave terminals 
10A-2, 10A-3, 10A-4. When this request is received by 
the slave terminals 10A-2, 10A-3, 10A-4 through the 
battery information processing units 17 thereof, the re- 
maining battery power of each of the terminals is meas- 
ured by their remaining battery power measuring units 
1 6 and these measured remaining battery power values 
are notified to the master terminal 10A-1 by the battery 
information processing units 1 7 such that the battery in- 
formation processing unit 1 7 of the masterterminal 1 0A- 
1 receives battery information notified from each slave 
terminal 10A-2, 10A-3, 10A-4. 
[0244] A method may also be used in which remaining 
memory capacity is the selection condition. For exam- 
ple, the masterterminal 10A-1 measures its remaining 
memory capacity using the remaining memory capacity 
measuring unit 1 8 and then polls the respective remain- 
ing memory capacities of the slave terminals 10A-2, 
1 0A-3, 1 0A-4 such that when the remaining memory ca- 
pacity of the master terminal 10A-1 falls below the re- 
maining memory capacity of the slave terminals 1 0A-2, 
1 0A-3, 10A-4, the terminal from among these slave ter- 
minals 10A-2, 10A-3, 10A-4 with the largest remaining 
memory capacity is selected. 

[0245] In this case also, polling of the remaining mem- 
ory capacity may be realized by similar processing to 
steps S102 to S104 in Fig. 3, for example. 
[0246] That is, in this case the master terminal 1 0A-1 
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uses the memory information processing unit 19 to re- 
quest notification of memory information indicating re- 
maining memory capacity from each of the slave termi- 
nals 1 OA-2, 1 OA-3, 1 0A-4. When this request is received 
by the slave terminals 1 OA-2, 1 0A-3, 1 0A-4 through the s 
memory information processing units 19 thereof, the re- 
maining memory capacity of each of the terminals is 
measured by their remaining memory capacity measur- 
ing units 1 8 and these measured remaining memory ca- 
pacities are notified to the master terminal 1 0A-1 by the 10 
memory information processing units 19 such that the 
memory information processing unit 19 of the master 
terminal 10A-1 receives memory information notified 
from each slave terminal 10A-2, 10A-3, 10A-4. 
[0247] Fig. 1 7 is a flowchart illustrating the control op- 15 
erations for the movement of the slave terminals 1 0A- 
2, 10A-3, 10A-4 in Fig. 14 to the master terminal. 
[0248] As described above, during the exchange of 
messages between the slave terminals 1 0A-2, 1 OA-3, 
1 OA-4 and the master terminal 1 0A-1 in a message ex- 20 
change session established through the aforemen- 
tioned link establishment control between each of the 
slave terminals 10A-2, 10A-3, 10A-4 and the master ter- 
minal 10A-1 (see Fig. 14), a check is performed by the 
master terminal 1 0A-1 as to whether a substitute master 25 
terminal has been designated, or in other words whether 
substitute designation information designating a substi- 
tute terminal for the master terminal 10A-1 and trans- 
mitted from the substitute designation transmitter/re- 
ceiver unit 24 of the master terminal 10A-1 has been 30 
received by the substitute designation transmitter/re- 
ceiver unit 24 of this substitute terminal (step S1 71). 
[0249] If this substitute designation information has 
been received (YES in step S171), the slave terminal 
which received the substitute designation information 35 
(10A-2 in this example) receives into the network con- 
figuration information transmitter/receiver unit 25 there- 
of network configuration information transmitted from 
the master terminal 10A-1 following the substitute des- 
ignation information, and stores this information in a pre- 40 
determined storage area in the memory unit 33 (step 
S172). 

[0250] Having received the substitute designation in- 
formation and network configuration information, the 
slave terminal 10A-2 then learns the current network 45 
configuration on the basis of the network configuration 
information and, using the short range radio communi- 
cation detection unit 12, checks whether or not the net- 
work disconnection of the master terminal 10A-1 from 
the current network has been detected (step S1 73). so 
[0251] Here, if the master terminal 10A-1 is discon- 
nected from the network (YES in step S173), the slave 
terminal 1 OA-2 uses the terminal function setting unit 26 
to switch settings from the current setting for operating 
as slave terminal to a setting for operating as master ss 
terminal (step S174). 

[0252] Upon completion of this setting switching, the 
network information already received and stored in the 



link establishment control unit 27 of the radio communi- 
cation device 10A-2 which has become the new master 
terminal is retrieved from the aforementioned storage 
area (step S1 75), and on the basis of this network con- 
figuration information, control for establishing links with 
the slave terminals 10A-3, 10A-4 (the terminals which 
are capable of becoming slave terminals in relation to 
the new master terminal 10A-2) is performed through 
the short range radio communication unit 11 (step 
S176). Thus, by means of short range radio communi- 
cation, a network with a star connection in which the ra- 
dio communication device 10A-2 is set to operate as 
master terminal and the radio communication devices 
10A-3, 10A-4 are set as slave terminals is reconstruct- 
ed. 

[0253] Thereafter, the new master terminal 1 0A-2 us- 
es the short range radio communication unit 11 to per- 
form message exchange (communication) with the 
short range radio communication units 11 of the slave 
terminals 10A-3, 10A-4 (step S177). 
[0254] Fig. 18 is a view showing a communication 
mode switching control sequence according to the ninth 
embodiment. 

[0255] In Fig. 1 8, each processing step S1 61 , S1 62... 
corresponds to the processing step of the same number 
in the flowcharts in Figs. 1 6 and 1 7. 
[0256] In the ninth embodiment in Fig. 18, a network 
is initially connected with terminal 1 as master terminal 
and terminals 2, 3, 4 as slave terminals. Here, terminals 
1 , 2, 3, 4 use radio communication devices 10A having 
the configuration illustrated in Fig. 15. 
[0257] During communication in a network with termi- 
nal 1 as master terminal, the master terminal selects a 
substitute terminal (step S1 61 ) and transmits to this ter- 
minal substitute designation information designating the 
selected terminal, for example terminal 2, as the substi- 
tute terminal (step S162). The master terminal then 
transmits thereto network configuration information in- 
dicating the configuration of the current network (step 
S163). 

[0258] Next, the master terminal monitors whether or 
not terminal 2, which has been designated as the sub- 
stitute terminal, has become disconnected from the net- 
work (step S164), and if the substitute terminal has be- 
come disconnected (YES in S164), selects another sub- 
stitute terminal and performs control to transmit substi- 
tute designation information and network configuration 
information to this substitute terminal (steps S161 to 
S163). 

[0259] In so doing, the master terminal may ensure at 
all times the existence of a terminal which will operate 
as a substitute master terminal when the master termi- 
nal itself becomes disconnected from the network. 
[0260] Meanwhile, terminal 2, which has been select- 
ed as the substitute terminal, receives the substitute 
designation information and network configuration infor- 
mation transmitted by the master terminal and stores 
this information in the memory unit 33 (step S172). 



20 



37 

[0261] Thereafter, when the master terminal is dis- 
connected from the network due to the above-described 
reasons (i.e., communication disable situations caused 
by the master terminal's moving to outside of the net- 
work communication range of the network or the master 
terminal's power turned off) and this disconnection of 
the master terminal from the network is detected (YES 
in step S173), terminal 2 switches settings from slave 
terminalto master terminal (step S1 74), thereby becom- 
ing the new master terminal. Terminal 2 then retrieves 
the network configuration information (step S175) and 
performs control to construct a new network with the oth- 
er slave terminals. 

[0262] In this control, the substitute terminal 2, which 
has become the new master terminal, exchanges radio 
communication connection requests and responses re- 
garding radio communication connections with network- 
forming terminals 3 and 4 (steps S176a to 176d) and 
establishes links with these terminals 3, 4 (step S1 76e). 
Once these links have been established, communica- 
tion commences in a network with terminal 2 as master 
terminal (step S1 77). 

[0263] Fig. 1 9 is a view illustrating an image of a net- 
work reconstruction operation when, in the network con- 
figuration shown in Fig. 14, the master terminal 10A-1 
becomes disconnected from the network following des- 
ignation by the master terminal 10A-1 of the slave ter- 
minal 10A-2 as the substitute master terminal. 
[0264] In this case, the substitute terminal slave ter- 
minal 10A-2 detects the disconnection of the master ter- 
minal 10A-1 up to that point from the network, then be- 
coming master terminal and reconstructing the network 
by establishing links with the new slave terminals 1 0A- 
3and10A-4. 

[0265] In so doing, when the master terminal 10A-1 
in the network configuration shown in Fig. 14 becomes 
disconnected from the network, message exchange be- 
tween the remaining slave terminals 10A-2, 10A-3, 10A- 
4 can be continued between the slave terminal 10A-2 
as the new master terminal and the slave terminals 1 0A- 
3, 10A-4. 

[0266] Thus, in a communication network for perform- 
ing real time and bidirectional communication through 
the star connection by means of short range radio com- 
munication of a master terminal and slave terminals 
which are subordinate to this master terminal (see Fig. 
14), the radio communication device 10A according to 
the ninth embodiment (see Fig. 15) comprises a function 
when operating as master terminal for transmitting to an 
arbitrary slave terminal substitute designation informa- 
tion designating this slave terminal as a substitute mas- 
ter terminal and network configuration information re- 
garding the current network, a function when operating 
as slave terminal for receiving this substitute designa- 
tion information and network configuration information 
from the master terminal, and a function when the mas- 
ter terminal becomes disconnected from the network fol- 
lowing reception of this substitute designation informa- 
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tion and network configuration information for switching 
settings to a function setting for operating as master ter- 
minal and establishing links with the other slave termi- 
nals on the basis of the received network configuration 
5 information. 

[0267] When radio communication devices 10A hav- 
ing this configuration are disposed on a network and the 
master terminal becomes disconnected from the net- 
work during real time bidirectional communication be- 
*o tween master terminal and slave terminals, the terminal 
designated as substitute by the master terminal be- 
comes the new master terminal and reconstructs the 
network. As a result, real time bidirectional communica- 
tion using short range radio communication can be con- 
's tinued among the remaining terminals. 

[0268] This embodiment may be appropriately altered 
and these alterations implemented within the scope of 
the principles thereof. 

[0269] As is illustrated in Fig. 18 of the aforemen- 
tioned example, substitute designation information is 
transmitted to a substitute terminal selected by the mas- 
ter terminal and this terminal is forced to operate as a 
substitute terminal. However, following transmission of 
the substitute designation information, the substitute 
terminal which receives this information may be caused 
to operate as a substitute terminal only after consent 
thereto has been obtained. 

[0270] Further, according to the flowchart in Fig. 16, 
in the substitute terminal designation control operation 
performed in the master terminal 10A-1 , the substitute 
terminal (for example the slave terminal 10A-2) is noti- 
fied of network configuration information regarding the 
current network only once. As a modified example, how- 
ever, changes to the current network configuration may 
be checked during this control operation, and if the con- 
figuration of the current network has changed, network 
configuration information regarding the new changed 
network may be obtained, and the substitute terminal 
10A-2 may be informed of network configuration infor- 
mation regarding the current network including this net- 
work configuration information. 
[0271] As regards the operations on the substitute ter- 
minal 10A-2 side in the case of this modified example, 
when the network configuration information regarding 
the current network has been received and stored in 
step S1 73 during the control operations for switching to 
master terminal in accordance with the flowchart in Fig. 
17, and when a judgment is subsequently made as to 
whether the new network configuration information has 
been received and it is judged that the new network con- 
figuration information has been received, processing 
must be performed to update the stored network config- 
uration information with the content of the newly re- 
ceived network configuration information. 
[0272] As for the configuration of the radio communi- 
cation device 10A for realizing the functions relating to 
this modified example, in addition to the configuration 
shown in Fig. 15, means must be provided when oper- 
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ating as master terminal for: determining whether or not 
the current network configuration has changed following 
transmission of substitute designation information des- 
ignating an arbitrary slave terminal as substitute master 
terminal; and, if the configuration of the current network 5 
has changed, obtaining network configuration informa- 
tion regarding the changed network and transmitting this 
information to the slave terminal which was the trans- 
mission destination of the substitute designation infor- 
mation; and means must be provided when operating io 
as slave terminal for: judging whether or not the new 
network configuration information has been received 
following reception of the substitute designation infor- 
mation and network configuration information from the 
master terminal; and updating the currently stored net- 15 
work configuration information with the content of the 
newly received network configuration information if the 
new network configuration information has been re- 
ceived. 

[0273] Also in this embodiment, following the recon- 20 
struction of the network into the configuration shown in 
Fig. 19, a further continuation of the control to recon- 
struct the network may be performed by having the new 
master terminal 10A-2 in this network perform further 
control for designating either the slave terminal 1 0A-3 25 
or 10A-4 as the substitute terminal in a similar fashion 
to the previous master terminal 10A-1 and having the 
slave terminals 10A-3, 10A-4 receive this designation 
as substitute terminal from the new master terminal 
10A-2. 30 



Claims 

1. A radio communication device which operates as 35 
master terminal to form a network with another radio 
communication devices using a short range radio 
communication function, comprising: 

a positional relationship measuring unit that 40 
measures positional relationship between the 
radio communication device operating as mas- 
ter terminal and the another radio communica- 
tion devices operating as slave terminals; 
a switch timing judgment unit that judges timing 45 
of a switch in communication mode using the 
positional relationship; 

a positional relationship information processing 
unit that requests the another radio communi- 
cation devices to notify positional relationship so 
information indicating the positional relation- 
ship between the another radio communication 
devices and each of the terminals forming the 
network, and receives the positional relation- 
ship information notified from the radio commu- 55 3 
nication devices; 

a switching subject terminal determining unit 
that selects a radio communication device sub- 



ject to switching using the positional relation- 
ship information; and 

a communication mode switching processing 
unit that switches to a communication mode in 
which the radio communication device subject 
to switching is set to operate as a new master 
terminal. 

A radio communication device which operates as 
master terminal to form a network with another radio 
communication devices using a short range radio 
communication function, comprising: 

a positional relationship measuring unit that 
measures positional relationship between the 
radio communication device operating as mas- 
ter terminal and the another radio communica- 
tion devices operating as slave terminals; 
a switch timing judgment unit that judges timing 
of a switch in communication mode using the 
positional relationship; 

a positional relationship information processing 
unit that requests the another radio communi- 
cation devices to notify positional relationship 
information indicating the positional relation- 
ship between the another radio communication 
devices and each of the terminals forming the 
network, and receives the positional relation- 
ship information notified by the another radio 
communication devices; 
a remaining battery power measuring unit that 
measures the remaining battery power of the 
master terminal; 

a battery information processing unit that re- 
quests the another radio communication devic- 
es to notify battery information indicating the re- 
maining battery power thereof, and receives 
the battery information notified by the radio 
communication devices; 
a switch timing judgment unit that judges the 
timing of a switch in communication mode using 
the positional relationship and the battery infor- 
mation; 

a switching subject terminal determining unit 
that selects a radio communication device sub- 
ject to switching using the positional relation- 
ship information and the battery information; 
and 

a communication mode switching processing 
unit that switches to a communication mode in 
which the radio communication device subject 
to switching is set to operate as a new master 
terminal. 

A radio communication device which operates as 
slave terminal to form a network with another radio 
communication devices using a short range radio 
communication function, comprising: 
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a positional relationship measuring unit that 
measures positional relationship between the 
slave terminal and each of the terminals form- 
ing the network; 

a positional relationship information processing s 
unit that notifies a radio communication device 
operating as master terminal of the positional 
relationship measured by the positional rela- 
tionship measuring unit; and 
a communication mode switching processing 10 
unit that switches to a communication mode in 
which the radio communication device operat- 
ing as slave terminal becomes master terminal 
in accordance with an instruction from the radio 
communication device operating as master ter- *5 
minal. 

4. The radio communication device according to claim 
3, wherein the positional relationship measuring 
unit comprises means for measuring as the posi- 20 
tional relationship the number of terminals included 
within the communication range of the radio com- 
munication device operating as slave terminal and 
the distance between the radio communication de- 
vice operating as slave terminal and the another ter- 25 
minals included within the communication range 
thereof. 

5. The radio communication device according to claim 

3, further comprising: 30 

a remaining battery power measuring unit that 
measures the remaining battery power in the 
radio communication device operating as slave 
terminal; and 35 
a battery information processing unit that noti- 
fies the radio communication device operating 
as master terminal of the remaining battery 
power measured by the remaining battery pow- 
er measuring unit. 40 

6. The radio communication device according to claim 
1 , wherein the switch timing judgment unit judges 
that it is time to switch communication mode when 
the radio communication device operating as slave * 5 
terminal moves outside of the communication range 

of the radio communication device operating as 
master terminal. 

7. The radio communication device according to claim so 
1 , wherein the positional relationship information re- 
ceived by the positional relationship information 
processing unit Includes the number of terminals in- 
cluded within the communication ranges of the ra- 
dio communication devices which are the sources 55 
of the notification of the positional relationship infor- 
mation, and 

wherein the switching subject terminal deter- 



mining unit determines as the radio communication 
device subject to switching the radio communica- 
tion device which includes, within the communica- 
tion range thereof, the largest number of the termi- 
nals forming the network. 

8. The radio communication device according to claim 
2, wherein the positional relationship information re- 
ceived by the positional relationship information 
processing unit includes the number of terminals in- 
cluded within the communication ranges of the ra- 
dio communication devices which are sources of 
the notification of the positional relationship infor- 
mation, and 

wherein the switching subject terminal deter- 
mining unit determines as the radio communication 
device subject to switching a radio communication 
device with the greatest remaining battery power 
from among the radio communication devices that 
include, within the communication ranges thereof, 
the largest number of the terminals forming the net- 
work. 

9. The radio communication device according to claim 

1 , wherein the positional relationship information re- 
ceived by the positional relationship information 
processing unit includes the number of terminals in- 
cluded within the communication ranges of the ra- 
dio communication devices which are the sources 
of the notification of the positional relationship infor- 
mation and information regarding the distances be- 
tween the notification source radio communication 
devices and the another terminals included within 
the communication ranges thereof, and 

wherein the switching subject terminal deter- 
mining unit determines the radio communication 
device subject to switching on the basis of the 
number of terminals and the distance information. 

1 0. The radio communication device according to claim 

2, wherein the positional relationship information re- 
ceived by the positional relationship information 
processing unit includes the number of terminals in- 
cluded within the communication ranges of the ra- 
dio communication devices which are the sources 
of the notification of the positional relationship infor- 
mation and information regarding the distances be- 
tween the notification source radio communication 
devices and the another terminals included within 
the communication ranges thereof, and 

wherein the switching subject terminal deter- 
mining unit determines the radio communication 
device subject to switching on the basis of the 
number of terminals, the distance information, and 
the battery information. 

1 1 . The radio communication device according to claim 
1, wherein the communication mode switching 
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processing unit: 

transmits a communication mode switching re- 
quest to the radio communication device sub- 
ject to switching; 

notifies the radio communication device subject 
to switching of identifiers for the terminals form- 
ing the network after the radio communication 
device has consented to switching; 
disconnects the network after providing notifi- 
cation of the identifiers; and 
switches to a communication mode in which the 
radio communication device subject to switch- 
ing is set to operate as master terminal. 

1 2. The radio communication device according to claim 
1, wherein the communication mode switching 
processing unit: 

issues a command for communication mode 
switching to the radio communication device 
subject to switching; 

provides notification of identifiers for the termi- 
nals forming the network; 
disconnects the network after providing notifi- 
cation of the identifiers; and 
switches to a communication mode in which the 
radio communication device subject to switch- 
ing is set to operate as master terminal. 

1 3. The radio communication device according to claim 
3, wherein the communication mode switching 
processing unit switches to a communication mode 
in which the slave terminal is set to operate as mas- 
ter terminal, upon the disconnection from the net- 
work of the radio communication device operating 
as master terminal. 

14. A radio communication device which operates as 
master terminal or slave terminal in accordance 
with pre-performed function setting and which is 
used in a radio communication system that forms a 
network in which a radio communication device op- 
erating as master terminal and a plurality of radio 
communication devices operating as slave termi- 
nals are connected using a short range radio com- 
munication function, 

the radio communication device comprising 
when operating as master terminal: 

substitute designation information transmis- 
sion means for transmitting to an arbitrary slave 
terminal substitute designation information 
designating to operate as a substitute master 
terminal; and 

configuration information transmission means 
for transmitting network configuration informa- 
tion regarding a current network to the slave 



terminal to which the substitute designation in- 
formation is transmitted, and 
the radio communication device comprising 
when operating as slave terminal: 

reception means for receiving the substi- 
tute designation information and the net- 
work configuration information from the 
master terminal; 

disconnection detection means for detect- 
ing disconnection of the master terminal 
from the network following reception of the 
substitute designation information and the 
network configuration information; and 
communication mode switching process- 
ing means for switching settings from a 
function setting for operating as slave ter- 
minal to a function setting for operating as 
master terminal when the master terminal 
is disconnected from the network, and 
thereby switching to a communication 
mode in which the slave terminal operates 
as master terminal. 

15. The radio communication device according to claim 
14, further comprising, when operating as the mas- 
ter terminal, disconnection detection means for de- 
tecting whether or not the slave terminal to which 
the substitute designation information is transmitted 
is disconnected, 

wherein the substitute designation informa- 
tion transmission means select, if the slave terminal 
to which the substitute designation information is 
transmitted is disconnected, an arbitrary slave ter- 
minal other than the disconnected slave terminal 
and transmit the substitute designation information 
thereto. 

16. The radio communication device according to claim 
14, further comprising: 

a remaining battery power measuring unit that 
measures remaining battery power of the radio 
communication device; 

a battery information processing unit that, when 
the radio communication device operates as a 
master terminal, requests the slave terminals 
that constitute the network to notify battery in- 
formation indicating remaining battery power of 
the slave terminals and receives the battery in- 
formation notified by the slave terminals, and 
that, when the radio communication device op- 
erates as aslave terminal, transmits to themas- 
ter terminal battery information indicating a re- 
maining battery power of the slave terminal ac- 
cording to a notification request from the master 
terminal; and 

a substitute terminal determining unit that de- 
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termines a slave terminal to which the substi- 
tute designation information is transmitted 
based on the battery information. 

17. The radio communication device according to claim 5 
14, further comprising: 

a remaining memory capacity measuring unit 
that measures remaining memory capacity of 
the radio communication device; 10 
a memory information processing unit that, 
when the radio communication device operates 
as a master terminal, requests the slave termi- 
nals that constitute the network to notify mem- 
ory information indicating remaining memory 15 
capacity of the slave terminals and receives the 
memory information notified by the slave termi- 
nals, and that, when the radio communication 
terminal operates as a slave terminal, transmits 
to the master terminal memory information in- 20 
dicating a remaining memory capacity of the 
slave terminal according to a notification re- 
quest from the master terminal; and 
a substitute terminal determining unit that de- 
termines a slave terminal to which the substi- 25 
tute designation information is transmitted 
based on the memory information. 
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